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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name : Compton Hill Reservoir
State Located: Missouri

City Located: St. Louis

Stream: Not Applicable

Date of Inspection: 27 January 1981

The Complon Hill Reservoir has been classifed as being of high hazard
potential under provision of Public Law 92-367 by the St. Louis District,
Corps of Engineers. This report represents an evaluation of potentially
hazardous conditions, based upon a study of available engineering data and
limited site inspection by engineering personnzl of Horner & Shifrin, Inc.,
Consulting Engineers, under contract to the St. Louis District, Corps of
Engineers. Evaluation of this facility was performed in accordanc= with the
"Phase I" investigation procedures prescribed in "Recommended Guidelines for
Safety Inspection of Dams", dated May 1975.

The following summarizes the findings of the visual inspection. Due to
the fact that the reservoir is closed (a roof covers both storage basins) and,
since the level of the reservoir is not subject to change as a result of storm
water runoff, the usual analysis of spillway capacity and overtopping
potential was not required. The hydraulic level of the reservoir is
controlled by pumping. The level is affected by user demand and by reservoir
leakage. Based on the visual inspection and primarily due to the deteriorated
condition of portions of the concrete walls about the perimeter of the
reservoir, the present general condition of the reservoir is considered to be
somewhat less than satisfactory. Although not considered to be an item that
could affect the safety of the reservoir, the reported structural condition of
the roof support system at the north basin could have, should collapse of a
portion of the roof occur, an adverse effect on the future operation of the
reservoir.
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According to the criteria set forth in the recommended guidelines, the
size classification of the reservoir, based on the height of the reservoir "

relative to the surrounding ground and storage capacity, is intermediate.

A review of available data did not disclose that seepage and stability
analyses of the embankment about the reservoir were performed in accordance
with criteria prescribed in the recommended guidelines. This is considered a
deficiency and should be rectified. An extensive stability investigation of
the north side of the reservoir was made by the Missouri State Highway
Department prior to construction of Interstate Highway 44. However, this
investigation was performed primarily for the purpose of determining the
stability of the retaining wall to be constructed along the south side of the
highway adjacent to the reservoir, and did not include the possibility of
failure of the reservoir embankment. As a matter of record, it is recommended
that the Owner obtain a copy of the Highway Department report describing these
investigations and the results of the analyses performed.

The Compton H1l Reservoir is located in a highly populated area of south
St. Louis. Failure of the embankment and/or exterior wall of the reservoir
could result in loss of life, serious damage to houses, and extensive damge to
industrial and commercial facilities, important public utilities, or main
highways.

It is recommended that the Owner take the necessary action in the near
future to correct the deficiencies and safety defects reported herein.
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PHASE T INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

COMPTON HILL RESERVUIR - MO 31696

SECTION 1 - PROJECT INFORMATIGN
1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367, dated
8 August 1972, authorized the Secretary of the Army, through the Corps of i
Engineers, to initiate a program of safety inspection of dams throughout the !
United States. Pursuant to the above, the St. Leuis District, Corps of
Engineers, directed that a safety inspection of the Compton Hill Reserveoir be

made.

b. Purpose of Inspection. The purpose of this visual inspection was to

make an assessment of the general condition of the above reservoir with
respect to safety and, based upon available data and this inspection,
determine if the reservoir poses an inordirate danger to human life or

property.

c. fvaluatizn Criteria. This evaluation was performed in accordance g

witiv the "Phase I" investiygation procedures as prescribed in “"Recommended

Guidelines for Safety Inspection of Dam:z,' Appendix D to "Report to the Chief |
of Engineers on the National Program of Inspection of Non-Federal Dams", dated {
May 1975. N

1.2 DESCRIPTION OF PROJECT ‘

a. Description of Reservoir and Appurtenances. The Compton Hill

Reservoir is a rectangular shaped structure approximately 508 feet wice and
836 feet long at the top. The reservoir contains potable water for urban
use. Water is contained within an inverted trapezoidal basin by a continuous
section consisting of an earthen embankment and a 10-foot high concrete wall,

which extends above the crest of the embankment. The height of the cmbankment

varies, but record drawings indicate it to be approximately 2:.S5 feet above )
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the toe of slope of the interior side. w center wall -eparates the reservoir
into two equal sections, the north hasin and the south pasin, A concrete roof
supported by concrete beams, which, ir turn, are suppurted by concroete
columns, covers the entire reservoir. Al nurmal nigh water level, the
reservoir contains approximately 88 million gallons, which is couivalent to
about 270 acre-feet of water. A general plan of the reservolr prepared prior
to tne construction or the reoof, is shown on St. _ouis Water works Drawing
3730 and is included herein, reference Plate 2. An overview photograph of the
reservoir taken during tne inspection is shown following the preface at tre

beginning of the report.

A survey conducted as a part of this inspection indicateu the wearth
embankment about the reservoir to vary in height from approximately 21 feet
above the original ground elevation at the southwest corner of the structure
to about 34 feet at the northeast corner of the structure. However,
excavation in 1969 for the construction of Interstate Highway 44 near the
north end of the reserveir resulted in an increase in the neight of the
earthen section at this end to about 40 feet atiove the roadway pavemsnt. &
retaining wall up to 21 feet high extends along Highway "-44 to retain the
earth bank along the cut section of the highway. The survey alse indicat:-a
that outside the reservoir wall, the embankment has a top width of abcut 18
feet and a slope of zbout 1lv on 2.0h, although the slope steepens to about Lv
on 1.9h in some locations. According to record <rawings, the slope of the
inside face of the embankment is 1lv on 1.5h. The interior face is prctected
by macadam, rock pavement, and two layers of concrete slab with five lsyers of
felt covered asphalt sandwiched between the two slabs. A puddle core of clay
constructed along the centerline of the embankment serves as a seepage
cutoff. A clay puddle seepage cutoff that joins the clay puddle core of the
embankment at about its base, lies beneath the flocor and sloping bottom cof the
structure. A cross-section of the embankment includira Highway 1-44 is shown
on St Louls Water Division DOrawings 4536, 4537 ang 4545, reference Plstes 17,
18 and 19. Cross-sections of the entankment obtained by survey during the
inspection are shown on Plates 20, 21, and 22, and the locations of the
sections are indicated in plan on Water Division Drawing 37320, re=ference Plate
3.




According to the construction drawings provided by the Water Division, the
concrete wall about the reservoir extends 10.0 feet astove the intersection of
the original sloping sides of the basin and tiw inside face of the wall., The
top of the wall is also about 9.5 feet @bove the ground surface, or crest of
the embankment, on the outside of the wall, and approximately 38.5 feet aoove
the low pnint of the hottom of the reservoir., The footirg of the outside wall
is supporteo by concrete piles. A continuous steel shect pile scepage culcoffr
extends from within the footing to bedrock.  The concrete Jdivision wall that
separates the north and soutnh bosins is a yravity section also supported by
concrete piles. A continuous concrete wall, or diaphragm, “or scepage cutoff
extends from the octtom of Lhe wall to vedrock. Details of U oxterior walls
and division wall are shown on St. Louis Water Works Drawings 2724, 3735, anc
3807, reference Plates 5, 6 and 7. Scil porings obtaince along the alianment

of the exterior walls are shown cn Drawing 3731, reference Plate 4.

A gate chamber is located at botn ends of the vivision wall to allow
isolation of the north and south basins and tec provide some degree of control
of inflow and outflow from the reservoir. A remotely controlled, motorized
sluice gate is located at each of the openings for the intake and cutlet
pipes. In all, there are three pipes, two on the east side and one on the
west side, that supply the reservoir. Oepending on water main pressure, these
three pipes can also serve as reservoir outlets along with a fourth pipe that
connects to the west side of the structure. Both chambers also contain four
manually operated sluice gates, two from each basin, in order to control flow
into or out of the basins. The east gate chamber contains an inner chamber,
which drains to a 20-inch diameter pipe sewer. This inner chamber is provided
to drain the basins, provide an outlet for basin overflow, and to serve as an
inlet fer stormwater runoff from the roof of the reserveir. The overflcw
openings at the inner chamber are 1.4 feet high and 6.0 feet wide. Two
manually operated sluice gates, one from cach basin, control flow from the
basins to the inner chamber. St. Louls Water Works Drawing 3730, reference
Plate 3, shows a plan of the reservoir including the gate chambers, and
Drawing 3807, reference Plate 7, shows details and sections of the two gate

chambers as well as a profile of the division wall.




A five inch thick concrete roof supported by beams and columns covers the
entire reservoir. At one time, tennis courts ocrupied a portion of the south
half of the reservoir roof. The tennis courts have been removed, but the
stanchions for lighting the area still remain. The reservoir roof is normally
accessed via a stairway leading to the gatehouse on the west side of the
structure. Other stairways located at the corners of the structure and
leading to the roof are not normally used. Manholes and hatchways located in
the roof serve to provide access to the interior of the reservoir basins., A
general plan and sections of the roof are shown on Water Division Orawing
4471, reference Plate 8.

b. Location. Compton Hill Reservoir is located within the City of St.
Louis, Jjust southeast of the intersection of Grand Boulevard and Interstate
Highway 44, as shown on the Regional Vicinity Map, Plate 1. The reservoir is
located within U.S. Survey Number 2498 in Section 21, Township 45 North, Range
7 East. As indicated by the topography shown on Plate 2, the reservoir site
is located at about the natural high point of the surrounding area.

c. Size Classification. The size classification based on the height of

the reservoir relative to the elevation of the surrounding ground, and storage
capacity, is categorized as intermediate. (Per Table 1, Recommended
Guidelines for Safety Inspection of Dams.) An intermediate size impoundment
is classifed as having a height less than 100 feet, but greater than or equal
to 40 feet and/or a storage capacity less than 50,000 acre-feet, but greater
than or equal to 1,000 acre-feet.

d. Hazard Classification. The Compton Hill Reservoir, according to the

St. Louis District, Corps of Engineers, has a high hazard potential, meaning
that if the reservoir should fail, there may be loss of life, serious damage
to homes, or extensive damage to agricultural, industrial and commercial
facilities, important public utilities, main highways, or railroads. Since
the reservoir facility is located in a highly populated area of south St.
Louis, failure of the embankment and/or exterior wall of the resevoir could
result in loss of life, serious damage to homes, and extensive damage to
industrial and commerical facilities, important public utilities, or main
highways.
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e. Ownership. The reservoir is owned by the City of St. Louis. Din C.
Guilfoy is the Director of Public Utilities for the City of St. Louis and
Raymond F. Walters is Acting Commissicner of the Water Divisicn, Mr.
Guilfoy's address is Room 311, City Hall, Tweltrth & Market Streets, St. Louls,
Missouri 63103. Mr. Walter's address is 1640 South Kingshiagnway, St. Louis,
Missouri 63110. Stanley T. Fletcher, Division Engineer, Design and
Construction Section, Joseph J. Kammerer, Jr., Assistant Division trngine-r,
Design and Construction Section, and Thomas A. Rothermich, bivisicn Engineer,
Operating Section, all of the City of St. Louis water Division, served as the
Owner's representatives during the course of the investigations reportec

herein.

f. Purpose of Reservoir. The reservoir impounds potable water to

satisfy peak demands and provide capacity for fire fighting.

g. Design and Construction History. According to a brass plague that

had been placed at the reservoir site and now lies in storage at the
Kingshighway Avenue Office of the Water Division, the original embankment and
slope protection was constructed from 1868 to 1870 by the Murphy-Henderson
Company, a St. Louis Contractoer. The plague also indicated that Thomas J.
whitman was Chief £ngineer for the project and James P. Kirkwood was the
Consulting Engineer. Construction plans were available at the Water
Division's office, but due to the rather fragile condition of these plans,
they were not removed from their file drawers. They were, howaver, reviewecd
by the inspection team. Engineering design data relating to this phase of

construction of the reservoir were unavailabie.

Another plaque in storage indicated that the reservoir was reconstructen
during 1915 and 1916 by the Hiram Lloyd Building Construction Company.
According to the plaque, Gordon G. Black was the Engineer in charge of the
project, and a firm by the name of Roth & Sturdy were the Architects.
According to Mr. Kammerer and plans on file with the water Division, the
exterior concrete walls, the interior division wall, and the concrete slabs
and waterproofing on the interior slopes and bottom of the reservoir were
constructed at this time. Detailed engineering computations for desian of the

walls were available at the Kingshighway Avenue Office of the Water Oivision.
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Several drawings relating to the reconstruction of the reservoir, reference

Plates 3 through 7, are included herein.

Mr. Kammerer reported that the concrete roof covering the reserveir was
constructed in 1933, Wwith the exception of several drawings showing details
of the roof and supports prepared by the Water Division, infurmatinn regarding
the design of the roof was not available. A drawing showing the roof and its

supparting members, reference Plate 8, is included herein.

h. Normal Operational Procedure. The level of the reservoir fluctuates

depending upon main pressure and user demand. The reservoir is supplied with
potable water by pumping from the City's Chain of Rocks Treatment Plant
through what is referred to as the Compton Hill Reservoir System. However, it
can aiso be supplied through a number of hleeder valves that connect to the
City's Stacy Park Reserveoir System. The Compton Hill System is termed a3 low
service system, whereas the Stacy Park System is a high service system. The
Chain of Rocks Plant is located on the west side of the Mississippi River at
about river mile 190, which is approximately 10 miles north and 3 miles east
of the reservoir. The Stacy Patrk Reservoir, which stores potable water
supplied by the Howard Bend Treatment Plant locateu o the Missouri River, is
located approximately v miles west ond 4 wiles north of the reservoir.

Pumping rates to the reservoir are increased «t nighl and on weekends to take
advantage of oft-peak electrical costs. Historically, the water level within
the reservoir is at its maximum elevation following weckends, lowers during
the day, rises at night, and is at ite lowest rlevation just prior to the
weekend. Unusual water demands such as that caused by ftire fighting may cause
deviation from the normal operating procevures. The relative locations of the
Howard Bend Plant, the Stacy Park Reservoir, the Chain of Rocks Plant, ano the
Compton Hill Reservoir, along with water mains larger than 12 inches, are

shown on Water Division Drawing £xhibit A, reterence #late 9,

1.3 PERTINCNT DATA

a. Orainage Area. The reservolr has no inflow due teo precipitation and

resulting runoff. The reservolr is covered by a roof, and root drainage is

sewered.
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b. Discharge at Reservoir.

(1) Reservoir inflow/cutflow ... Unknown

() ODrain capacity ... 30 cfs {20-inch pipe sewer)

c. Elevation. Except where noted, the following elevations were
determined from record drawings and/or survey. Elevations obtained by survey
are based on a bench mark establisheo at the roeservoir by the City. The bench
mark, a chiseled square in concrete reported to be elevation 190.05, City
datum, is located on the top step of the doorway leading to the roof of the
reservoir of the west gate house. The conversion from the City of St. Louis
datum to USGS {ft. above sea level) datum is City datum +413.53¢. Elevations
shown are in City datum followed by the USGS datum in parenthesis. Topography
in the vicinity of the reservoir, obtained from the 1954 USGS Cahckia,
Illinois-Missouri Quadrangle Map (phriotorevised 1968 and 1974) is shown on
Plate 2. The topography shown on Plate 2 is in USGS Datum.

(1) Observed level ... 182.5 {596.0)

(2) Normal level ... Varies

(3) Normal high water level ... 185.4% (598.9)

(4) Qverflow crest ... 186.6* (600.1)

(5) Overflow alarm level ... 186.4% (599.9)

(6) Top of grated opening st sewer chamber ... 188.25 (601.8)

(7) Maximum experienced level ... Unknown

(8) Top of reservoir wall ... 190.0 (603.5)

(9) Top of roof at wall ... 190.4 (603.9)
(10) Top of division wall ... 188.0 (601.5)

(11) Basin floor at toe of slope ... 154.0 (567.5)
(12) Basin floor (min.) ... 151.5 (565.0)

(13) Bottom of sewer chamber ... 151.1 (564.6)
(14) Invert 20-inch sewer ... 150.2 (563.7)
(15) Streambed at centerline of dam ... Not applicable
(15) Maximum tailwater ... Not applicable

*Per Mr. Thomas A. Rothermich, Division Engineer, Operating Section, City of
St. Louis Water Division.




d. Impoundment (North and South Basins).

(1) Length at maximum level ... 8%1.5 ft. (interior, per Plate 3)
(2) width at maximum level ... 502.5 ft. (interior, per Plate 3)

e. Storage Volume (Total North and Snuth Basins),

(1) Normal high level (El. 185.4) ... 270 ac.ft. (88.0 MG)
i (2) Overflow level (E1l. 186.68) ... <8l ac.ft. (91.5 MG)

f. Reservoir Surface Area.

(1) Normal high level (El. 185.4) ... 9.6 acres
(2) Overflow level (El. 186.6) ... 9.6 acres

g. Reservoir. The height of the reservoir is defined to be the overall
vertical distance from the lowest point of foundation surface to the top of
the structure.

(1) Type ... Combined section: concrete wall (upper 10.0 ft.)

above earthfill embankment
(2) Basins

a. Number ... Two (equal size)

b. Width (cach) ... 414.25 feet (inside at top)

c. Length (each) ... 502.50 feet (inside at top)
(3) Embankment height ... 40 ft. (max. at I-44)

(4) Height of total section ... 50 ft. (max. at I-44) :

(5) Top width of embankment ... 18 ft. (outside of wall) t

(6) Side slopes of embankment l
a. Interior ... lv on 1.5h*

b. Exterior ... lv on 1.5h (max.) ;

3

{

:

[}

#Per 1868-1870 construction drawings.
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(7

(8)

(9)
(10)

Seepage cutoff

a. Clay puddle*

b. Steel sheet piling**

Embankment slope protection

a, Interior ... Two concrete slabs with a waterproof membrane

over rock pavement and macadam¥**

h. Exterior ... Grass

Inflow/Outflow pipes ... 1-48", 2-36", 1-30" (all controlled)

Overflow ... Two 1.4 ft., high by 6.0 ft. long openings, one each
basin {uncontrolled)

h. Overflow (Typical Each Basin).

(1)
(2)
(3)
(4)

Type ... Uncontrolled

Size ... 1.4 feet wide by 6.0 feet long
Location ... East gate chamber at sewer well
Invert ... Elevation 186.6 (600.1)

i. Reservoir Drain Facility.*»

(1)
(2)
(3)
(4)
(5)
(6)

Control ... Two 24-inch wide by 30-inch high sluice gates
Gate invert elevation ... 151.6 (565.1)

Outlet ... 20-inch diameter pipe sewer

Location ... East gate chamber

Sewer invert elevation ... 150.2+ (563.7)

Estimated time required to drain basin at normal high level

a. At 30 cfs ... S5 hours (max., discharge without flooding)
b. At 50 cfs ... 33 hours (with flooding at manhole)

*Per 1868-1870 construction drawings.
*#per 1915-1916 construction drawings.
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SECTION 2 -~ ENGINEERING OATA ;

2.1 DESIGN

a. As previously indicated, data relative to the cesia of the reservoir
as originally constructed in 1868-1870 were limited to & croup of drawings cf
the reservoir on file at the Kingshighway Avenno office of the water
Division. These plans were reviewed by the inspection team, but due to the
fragile cundition of these drawings, were not removed from the wster Uivision .
office and are not included herein. According to details shown on these i
plans, the slope of the inside face of the embankment is 1lv on 1.35h, the
original width of the embankment crest was 20 feet, and the slope of the
exterior face of the embankment is lv on 2.0h. Also shown on the drawings was
the original division wall separating the north and south basins. With the
exception of the information shown on these plans, no other design data were 'L
available. Records did indicate that Thomas J. whitman was Chief Engineer for j
the project and James P. Kirkwood was project Consulting Engineer.

b. In 1915-1916, certain improvements were made by the City to the
reservoir. Records indicated that a firm by the name of Roth & Sturdy were
the Architects for this recorstruction project and that the Engineer in Charge
was an individual by the name of Gordon G. Black. These improvezments
consisted of a two course reinforced concrete pavement slab to be placed above
the original floor of the bottom and sloping sides, a reinforced concrete
division wall to replace the existing division wall, two reinforced concrete {
gate chambers, one at each end of the new east-west division wall, and a
reinforced concrete wall to encompass the reservoir. Details of these
features are shown on Water Division Drawings 3730, 3734, 3735, and 3807,
reference Plates 3, and 5 through 7. Test borings to rock along the line of
the outside wall were obtained by the City and the results of these
investigations are shown on Water Division Drawing 3731, reference Plate 4.
As indicated by the details shown on the drawings, all of the structures are
supported by reinforced concrete piles and both the division wall and the gate k

chambers have a 3-foot wide continuous concrete wall that extengs from the

bottom of the structure to rock. This wall acts as both a support for the q
structure and a seepage cutoff diaphragm. Details on the drawings indicated
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the wall about the perimeter of the reservoir fvin 3 crntinuous stecl sheet
piling seepage cutoff ulaphragm that extenus rrom tne base of the structure to
rock. From information shown on the drawings, U con se seen that the new
pavement slabs and division wall were provicod with espansien joints;

however, no such detalls are given fur the side walls and none were noticed
during the inspection. Engineering computations for the design, including
stability analyses, of these walls were on file at the Kingshighway Avenue
office of the Water Division. A review of trnese computations indicated the

design of the walls to be satisfactory.

C. The reservoir was again improved in 1933 by the addition of z roof to
cover the north and south basins. Details of the roof system, including the
locations of columns supporting the roof beams, are shown on Water Division
Drawing 4471, reference Plate 8. As indicated on the drawing, the bases for
supgort of the columns on the sloping portion of the vtasin floor are
continuous, extending from the vertical wall at the top of th2 slope to the
near level area of the floor one bay in from the toe of the slope. Additional
drawings of the roof system showing details of the beams and columns are en
file at the office of the wWater Oivision. Mowever, design computaticns for
these members could not be located.

d. In about 1967, a detailed engineering investigation of the north side
of the reservoir was made by the Missouri State Highway Department for the
purpose of determining the stability of the reservoir embankment under
conditions to be imposed by Interstate Highway 44. As previously incicated,
Highway I-44 lies parallel to and just north of the reservoir. The highway in
this area is a depressec section with 4 retaining wali, that varies in height
from about 21 feet at the west end of the reservoir to approximately 10 feet
at the east end of the facility, located adjacent to the south side of the
highway. The retaining wall is a reinforced concrete, counterfort type,
section with its footing bearing on and keyed into rock. The wall backfill is
primaily sand and a continuous 18-inch diameter pipe drain with a crushed
stone drainage blanket, that covers the footing and the drain pipe, is located
at about the heel of the footing., The location of the retaining wall relative
to the north side of the reservoir is shown on Water Division Drawings Numbers
4532, 4533, 4536, and 4545, reference Plates 15, l&, 17, and 19, respectlively.
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Cross-sections of the norlh embunkment, icclading the oiagl way retainineg walia
, a Y : )

based on survey data obtained vuring U Irepectic:, are shown oo Flate 2000 &
report, dated April 4, 1Yo/, wescriving the investicationg made by “he hiabway
Department during the cource of thedir tudy ot conditions sftesting the
proposed retaining wall, as well as recomnendaticons tor construction of the
wall, was prepared by Mr. Roy Rucker, Miterials oo Rosearcn bogineer,
Missouri State Highway Department. Hiahway Department policy oLd ot permit
release of their report at this time for inclusion within tols report,
although it s understocd that it awy be made avallatde opon oogiest oy the

City. The report, however, was reviewed by the ingpection tean.

The report indicates that two lines of plerzometers were installed within
the north slope of the reservoir for the purpose of crtaining ground water
levels. It also states that several test borings were nade in the vicinity of
the slope, and tnat unaisturbed sanples of Lhe soil enccuntered in these
porings were obtained. Vane shear tests were also made of softer snd wetter
zones of material encountered in the borings. During the course of fhese
subsurface investigations, the report states that the most signiricant finding
was the unexpectedly hiah water elevations within the plezometers and the
lower ruck line, both in the vicinity of the nottheast corner ot the
reservoir. Chemical analysis of the water indicateu it to be leaksge from the
reserveoir.,  The soils encountered were identificd as Leing of loessal origin
overlying residual clay. In addition to vane shear tusts, direct shear tests
of saturated soil samples und unconfined compression tosts were porformed.

The most consistent and reliable dnta were considered to be that obtaines fron
the ¢irect shear tests, and this data was used in the wtability snalyses.
Strengtn values for the loess ¢nd residual clay were adopted from these tests

for use in stability analyses,

According to the report, stability analvses were performed using both the
block and wedge method and the Swedish circle method, althouch the block and
wedge method was considered the more appropriate of the two and was used
during final design. Certain active wedge and hydrostatic pressure conditiuons
were assumed and analyses were made.  For the construction condition, the
report indicates a minimum factor of eafety of N.9 with the water level (of

the reservoir) at elevation 588 (elevation 174.5 City adatum) ond 1.25 with the




water level at 2levation 567 (elevatiorn 1400 Jity catum)., A minicum safety

factor of 1.45 is given for Tinal (aftor con ruction: corndition,

The report also ailcresses the problom of reccrvein settlement o fo
dewatering of the basin during constructicn of the wal!l aojacent to the
highway. A statement in the report ingicutes that it cannot e positively
stated that no adver-e efrects to the reservaic from the proz aed cot,
packfill and drain method of construction will uccur. “his 14 wlieved to Le
in reference to the tyoe of wall shawn un the nichway cxhinits Inciuded in the
report. The exhibits show a reinforced concrete or criu wall founded on earth
above bedrock. An alternate design consisting of a buttressed wali of
reinforced concrete keyed into bedrock is recanmended. #Additional
r2commendations regarding construction methods and devatering of the north

basin of the reservoir, are also presented.

Other correspondence in the Highway Cepartment file indicat:d the buttress
(counterfort) wall should be designed for lateral earth pressures of 70, 85
and 100 psf depending upon the locaticn of the section, that the walti should
be designec for possible development of hydrostatic pressure from full
reservolr level down to bedrock, and that the wall focting should be embeddea
a minimum of 6 inches into sound rock in addition to teing keyed into rock at
least 12 inches to prevent sliding. Ancther letter in the file recommends
replacement of excavated earth (bacxkfill) with sand bacxfill, the use of
crushed rock about the subdrain pipe, and the installation of szeveral
pernanent piezometers in the north slope for the purpose of monitoring ground
water levels between the reservolr anc the highway retaining wall.

From the details shown on Plate 17 and lite 19 as well as chservations
mace in the field curing the inspection, it woulc appear that these

recommendations were closely followed.
2.2 CONSTRUCTION ‘

As previsouly stated, the reservoir was originally constructed between

1868 and 1870 by a general contracicr by the name of Murphy-Henderson. With ;

the exception of the construction plans on file with the water Division, very i




little is known reqarding 'his constraction. it rocords of theor activities

ex st, they are somewhere within the srebives of the Lity,
As reported elscwhere Do thiy resort, the ciram Linyd nollaing

Coistructicn Company wis the contiactor poe orsitble for the reservoir
reconstruction werw that ococerreg Dotween 2905 ang 15000 Coples of g cumber
of the constructicn drawlros orepare : Tor recenstruction of cfee rocervoir ari
incluced herewith, retersnee Flates 0 tapouch /o0 codlitional drasings o the
recuired reconstruction are on file ot the Kinoshilotway Aveniss ortice of tne
Water Division. KNo strer recorus oi Prowse conctruction activiticg were

available.

Also, as previously reportec, the reservelr basing were coverec with &
reinforcec concrete roof system in 17335, A drowing, relerence Plate 2,
showing a general plan of the basin cover zlung with secticns throuch the
basin that show the roof slad and means of support is includec hercin,  The
name of tne contractor who constructed the rrof is unknown, antd information

relating to the actual construction wes unavallable.

2.3 OPERATION

The lavel of the reservoir is goverped by system pressure, which
fluctuates witn user demand. The reservoir is normz ly supplied by pumping
potable water from the Chain of Rocxs Water Treatment Pilant. However, tne
reservoir can also be supplied from the Stacy Park Reservoir high service
system through - number of remotely controlled vleeder valves. The alve on
the 48-inch rniameter steel pipe located near the intersection of Compton Hill
Place (formerly Louisiana Avenue) and Russell Aver e is the valve most
commonly used for this purpose. A Z6-inch diameter pipe that connects Lo the
south side of the east gite chamber delivers the Stacy Park System water to
the reservoir. Flow from the Chain of Rocks Plant enters the reservoir
through a 48-inch diameter pipe that connects ‘o the nurth side of the east
gate chamber and through a 30-inch diameter pipe that connects to the north
side of the west gate chamber. Reservoir outflow can occur at four Jocations.
In addition to the two influent lines from the Chain of Rocks Plant and the

line that connects to the Stacy Park System, which can also serve as effluent




lines should system pressure ois Lat- ) - 2l bt ol « ot L e

reservoir at the soutfs siue St the west e e T eanr o by s b e
motorized slulce vates located Wity D o 0t on Giiner o Lo Dl s U
prevent reservolr outfliow i tie o e L AN S U L P AT
Division Drawings 3o oridd & srawivin v Dol Sl il T 4l g
distribution system in the vicinity © tb e oocip o0 Doele vwr pweredy,

reference Plates 11 anc 12, Distric tion sals syabels e snown o wWater
Division Drawing A-1v/, retererce 270t Lo T focations of the Stucy Parx
Reservolir and the Chain of Rocks tlat, inclacin: mgios laraer than 12 inches,

are shown cn Water Divisior Orawine Peninit D0 sefore e Plate 9,

A concrete wall diviues the rescrvolir into two equal basins, the north
basin and the south basin. Four manually operated sluice gates within the
east and west gate chambers sllow flow to reach beoth basins, or zllow the
basins to be operated independently. The normal methiod of operation is to

supply both basins simultaneously and Lo operate the tasins in parallel.

R sensing device attached to e bubbler tube located in the west gate
chamber transmits via telephone lines tne level of the reservair to the pump
control room at the Chain of Rocks Plant and to the Kinashinhwsy Avenue office
of the Water Oivision. An alarm is signalled at the Chain of kRocks Plant and
at the Kingshighway Avenue office in the event of excessive reservoir level.
The alarm level is set 1.0 foct above the normal hich water level. A4 staff
gage located within the west gate house also indicates the lovel of the
reservoir and is used to check the level transmitteu Lty the telemetering |
system. A gasoline operated gererator located within the west nate house is
available to provide electrical power to the telemetering system in the case
of an electrical outage. Two rectargular openings, weach approximatrely 1.4
feet high and 6.0 feet wide, located in the gatewell st the cast gate chamber,

are provided for basin overflow. fhe inverts of the overflow openings are

about 0.2 of a foot above the high water alarn level.  Two manually operated

sluice gates located in the gatew=2ll/at the west end uf the east gate chamber i
are provided to drain the basins. /A 20-inch diameter sewer located in the
bottom of the aatewell serves as/an outlet for reservoir drainage. The east
and west gate chambers includg g the locations of the gates within the
chambers and the sewer pipe at the cast gate chamber, are shown on Water

Division Drawing 3730, reference Plate 3.
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2.4 EVALUATION

a. Availability. Engineering cats for ascessing the desion of the
reservoir were available. Readily availeble bita was limited tu the detsils
shown on the originmal, 1868-1870, plans for construction of the facility, the
1915 set of plans for reconstruction of the reservoir, the computations for
the design of the walls, etc., constructed in 1915-1914, and the drawings

prepared in 1931 for construction of the reoof system,

Seepage and stability analyses of the embankments of the reservoir
comparable to the analyses prescribec by the recommended guidelines were not

available.

b. Adequacy. Uonsidering the lona fdstory of satisfactory performance,
the inspection team is of the opinion that the details chown oo the
construction plans for the reservolr are adequate to assess the design of the
facility, which is considered, in cenersl, to be satisfurtory, However, as
indicated in Section ., paraaraph 4.5, certuln improvements te the recervoir
are necessary to insure the centinued satistactory performance of the
Facility. As indicateo above, seepine und :tability analyses of the
embankments of the reservoir comparable to tne requiremeonts of the
"Recommended Guidelines for bafely Ingpection of Dams" were not availabice.
These seepage and stability acalvaes should te performed for anpropriate

loading conditions (including cartnguake loads) and made a matter of record.




SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Compton Hiil Reservoir was made
by Horner & Shifrin engineering personnsl, R. E. Sauthoff and G. K. Hasegawa,
Civil Engineers, and A. . Becker, Jr., Civil and Soils Engineer, on
27 January 198l. Messrs. Kammerer and fletcher of the City of St. Louis Water
Division were present during this inspection. An examination of the reservoir
area was also mage by an engineering geologist, Jerry D. Higginms, Ph.D., a
consultant retained by Horner & Shifrin for the purpose of assessing the site
geology. Also examined at the time of the inspection were the areas and
features below the reservoir within the potential flood damage zone.
Photographs of the reservoir taken at the time of the inspection are included
on pages A-1 through A-7 of Appendix A. The lucations of the photographs

taken during the inspection are indicated on Plate 3.

b. Site Geology. The Compton Hill Reservoir is located in the southern
portion of the City of St. Louis. Most of the original topography ana
drainage in this area have been modifiea by urban development; however, the
older topographic maps indicate that the original surface arainage was away
from Compton Hill into small creeks that drained into the Mississippi River.
Some of the drainage undoubtedly was internal into the river through sinks
developed in the soluble bedrock. The site is located on the northeastern
flank of the Ozark Plateaus Physiograpnic Province.

In the general area of the reservoir, the bedrock cunsists of
Mississippian- and Pennsylvanian-age sedimentary strata which cip gradually
toward the northeast into the Illinois Basin. There are no bedrock esposures
at the reservoir; however, there are several outcrops in the I-u4 roacway cut
Just north of the site. The reservoir is located on the Mississippian-age St.
Louis formation. The bedrock is a gray, finely crystalline, medium- Lo
massive-beuded limestone. The formation has been subjected to extensive
solution weathering, and caves, sinks, and other karst topographic features
are common. Numerous sinks, now filled as a result of city development, were

located along a northeast-southwest trend several blocks east of the reservoir
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(Missouri Gealogical Survey file map). Fossible geologic problems associated

with these features include reservoir leakage, and althounh unlikely, sink
collapse.

The soils at the site have been disturbed and reworked by construction
activity, but originally consisted of loessal snils (ML, Unified Soil
Classifcation System) over the red residual clays (ML-CL) derived from
weathering of the limestone. Most of the area is now paved or extensively
modified, and only the residual soils immediately above the limestone bedrock
in the I-44 highway cut may be considered to be undisturbed.

The most significant geologic conditions noted at the site are the karst
features associated with the limestone bedrock. The presence of numerocus
sinks and caves suggest extensive solution weathering of the bedrock. The
reservoir has been functioning for many years, and there is no suggestion,
from the geologic reconnaissance, that any geological conditions have been
detrimental to its performance. However, the karst features are prominent in
the area and potentially could adversely affect the reservoir.

c. Reservoir. The exterior portions of the earthen embankment,
reinforced concrete side walls, and roof of the reservoir wer: examined and,
except as noted herein, were found to be in sound condition. (The interior of
the reservoir was not examined at the time of the inspection due to the
presence of water within the reservoir.) Photographs of the reservoir walls
and embankment slopes taken during the inspection are shown on pages A-1
through A-4 of Appendix A, and cross-sections of the embarkment obtained hy
field survey at the time of the inspection are shown on Plates 20, 21 and 22.
No cracking of the surface, undue settlement of the crest, or sianificant
erosion of the embankment was noted. Examination of soil samples obtained
from the four exterior sides of the reservoir embankment at about the center
of each side indicated the surficial material of the embankment to be a
medium-to-dark brown silty lean clay (CL) of low-to-medium plasticity.

A small bulge (see Photo 2) that extended westwardly approximately 80 feet

from the stairway at the northeast corner of the reservoir was noticed in the
face of the north embankment at a point just above the toe of slope at the
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location of a reported (1972) slope tailure. However, no evidence of seepage
was visible on the surface of the slepe, and ne signs ot recent movement or
other indications of instability of the slope were noted, although the
sidewalk which parallels the north slope near the toe appeared to have settled
approximately 2 inches relative to the concrete stairway and landing located
at the northeast corner of the embankment. The crest of the embankment was
uniform and with the exception of an 8-inch diameter tree stump with sprouts
located adjacent to the wall near its midpoint, was uniformly covered with
grass. Although flow was nol evident, water was visitle within the two
manholes for the 4-inch underdrain near the top of the embankment. As
indicated in Section 4, paragraph 4.2f, the subdrain flows were measured on
February 6, 1981, and the data obtained sre indicated on Chart 4-47. Five of
the original seven piezometer tuoes (see Photo 3) that had been installed in
1977 were located and found to be in serviceable condition. Ground water

levels were measured on February 6, 1981 at the five piezometers located, and

the elevations of the water surface are indicated in the schedule on Chart
4-48. Observed groundwater levels were not abnormally high, and in general,
were found to agree with the data shown by the City on Plate 19. Pieczometer

No. 4 is shown in Photo 3. i

The exterior portiorns of the east and south embankments of the reservoir
(see Photos 5 and 8) were inspected and appeared to be in satisfactory
condition. Standing water was present in a low area near the toe of the east
embankment at the north end adjacent to the driveway accessing a storage
building. The origin of the water could not be determined, but its location

indicated the water was, in all likelihood, a result of stormwater runoff.

The exterior face of the west embankment (see Photo 11) was found to be
somewhat irreqular along the northern portion due to numerous ruts caused,
reportedly, by the tractor used to cut the grass on the slope. The turf cover
was sparse within the ruts. An 8-inch diameter vitrified clay pipe sewer had

been excavated along the south side of the stairway which ascends the west

embankment at its center. The sewer, which was under repair, was leaking at a

rate estimated to be less than 1 gallon per minute through a l-inch diameter

hole in the pipe. The sonurce of the flow in the sewer could not be determinec.




The exterior side of the concrete wall which encompiasses tne resurvoir at
the top of the embankment, was examined and found, at numerous locations, to
be extensively deterioraten as a result of spalling of the surface. Numeruus
hairline type cracks were nnted «t these spalled areas; however, no major
structural defects were observed. txpansion or contraction joints were not
visible in the wall, and most of the cracks observed tended in 2 vertical
direction, although a good number of horizontal cracks were alsc roticed. Llwe
to the fact that the wall had been surface coated (in 1960) vy auniting, it is
possible that not all of the cracks in Lhe wall were seen.  Lime deposits (see
Photo 20) were noticeable at many of thne cracks indicating som? seepage of
water through the wall. The exterisr tace of the north wall (see¢ Fhoto 1)
appeared to be in good condition with only a few relatively small ureas of
surface spalling. The surface of the east wall (see Photo 4) wae mar<eo with
several large areas of spalling. iMost of the spalls were shallow; however,
at one location just north of the center of the east will, the ceterioration
at the top of the wall extended approximately 15 inches (see Phcto 6) beneath
the roof slab. The upper 2 feet of the south wall (see Photo 7) was found to
be spalled across much of the length of the wall. At the tap of the south
wall, the spalling extended up to six inches beneath the roof slab (see Photo
9) and the reinforcing bars were cxposed at several locations, The west wall
(see Photo 10) slso had several large areas of spalling (see Phota 12) and
again, the reinforcing bars (see Photo 21) were esposed at several locations.
In many instances where the depth of the spall was guite small, say on the
order of one-quarter of an inch, the spalled section included the gurited
surface coating and a thin layer of the original wall surface.

The overall width and length of the reservoir structure at the level of
the top of the embankment was measured during the inspection for the purpose
of verifying the dimensions show on the plans. According to the dimensions
shown on Water Division Drawing 7730, reference Plate %, the overall widih of
the structure is 505.5 feet and the overall length is 834.5 feet. Surveyed
distances indicated the overall length of the north side to be 507.3 feet, the
south side to be 507.8 feet, the east side to ve 836.4 feet, and the west side
to be 835.6 feet. The survey also indicated the outside face of the reservoir
wall, which is shown on Water Oivision Drawing 3735, reference Plate o, to he

a vertical wall, to be out of plumb with the plane of the wall leaning inwartd,




or toward the center of the structure, at each of the four, one at each side,

locations checked. At a distance approxim:tely 6,0 feet above the ground, the
deflection varied from 0.12 feet for the north walli to 0.21 feet for the south
wall, and from 0.19 feet for the east wall to 0.24 feet for the west wall.

(It is pussible that the wall was given a slight inwar. batter during
construction in order to give the saction a more stable appearance. 1In any
event, due to the rather uniferm tilt of the wall and the fact that deflection
of the wall cue to load would be in the opposite direction than that observed,
since it is a cantilever, the inspection team is of the opinion that there is
no significant foundaticn or structural problim associated with this
deflection.)

The top side of the concrete roof was examined and, except as noted
herein, appeared to be in satisfactory condition. The northern wne-half of
the roof, which had been resurfaced (in about 1948) with a sand-cement yrout,
nad only a few minor hairline type cracks and appeared to be in very goon
condition, although stains in some areas indicated that minor ponding may
occur on the roof as a result of poor drainage following perinds of
precipitation. The southern one-half of the roof was surfaced with what
appeared to be a tar and gravel seal coat. The seal coat was lacking at many
locations and several areas of spalling of the concrete surface of the roof
were evident. Additional deteriorated material (type unkneown) was present on
the roof (see Photo 13) within the areas which at one time served as tennis
courts. Steel columns which are believed to have supported lights tor the
tennis courts (the courts are no longer used and the general public is not
permitted on the reservoir roof) were located adjacent to the tennis courts.
As previcusly indicated, the roof support columns and beams and the underside
of the roof was not inspected due to the presence of water within tre
reservoir.

Both the interior and exterior of the west gate house (sec Phuto 14) as
well as the exterior of the east gate house (see Photo 15) were inspected and
found to be in satisfactory condition. The equipment within the west gate
house and the operators at the east gate chamber were also cxamined bul not
operated as a part of the inspection. The motorized gate operators (see Pheto

16) for the effluent pipes on the west side of the recervoir, ang the




telemetering control panel (sec Photo 18) within the west gate house appeared
to be relatively new and well maintained., The staff gage, manual gate
operators (see Photo 17) as well as the standby generator (see Photo 19)
within the west gate house and the marual operators at the east gate chamber
(see Photo 15) were examined and also found to be well maintainec and in

satisfactory condition.

d. Appurtenant Structures. No appurtenant structures were observed at

the reservoir.

e, Downstream Channel. As indicated on Plate 2, the Compton Hill

Reservoir is located upon the crest of a nill. Interstate Highway 44 lies
parallel and adjacent to the north side of the reservoir site. A City park
surrounds the reservoir, but is more pronounced on the east ano west sides
than on the north and south sides of the facility. Residential areas adjoin
the reservoir park on the east, west and south sides, and a hospital borders
Grand Avenue at the west side of the facility.

f.  Reservoir. At the time of the inspection, according to the staff
gage in the west gate house, the water level within the reservoir was at
elevation 182.5, City datum, which is about 2.9 feet lower than the normai
high water operating level and approximately 4.1 feet below the level of the
overflow openings in the east gate chamber. According to a chart within the
west gate house of the reservoir, this level corresponds to storage equal to

78.6 million gallons which is equivalent to about 241.2 acre-feet of water. ‘
3.2 EVALUATION

The deficiencies aobserved durina the inspection and noted herein ore not !
considered significant to warrant immediate remedial action. However, it is
recommended that, as soon as practical, provisions are made to prevent further

deterioration of the concrete walls about the reservoir.
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SECTION 4 - UPERATIUNAL PROCEDURES

4.1 PROCEDURES

The water level within the reservuir 1is governed by system pressure, which
fluctuates with user demand. The reservoir Is supplied with potable water by
pumping from the City operatea Chain of Rocks Treatment Plant. However, it
can also be supplied, through a number of cross connections with bleeder
valves, from the City's Stacy Park Reservolr System., Flow from the treatment
plant is increased at night and on weekends to take aovantage of lower
electrical costs. The level of the reservoir is also affected by leakage.
Additional information relative to the operation of the reservoir is presentead

in Section 2, paragraph 2.3.

4.2 MAINTENANCE OF RESERVOIR

a. Routine maintenance of the exterior slope of the einbankment, such as
mowing the grass, is performeg by the St. Louis Parks Department. All other
reservoir maintenance is performeu oy the Water Division. The exterior of toe
reservoir, i.e., the embankment slopes, retaining walls, roof, etc. is
routinely inspected by water Division persomnel, A summary of items
pertaining to maintenance for which records are avallable follows:

b. Leakage tests were performed by the St. Louls Water Oepartment during
the period from 1300 to 1902. Recoras of the tests were available, but have
not been included herewith since the reservoir was raised approximately 10
feet and the lining of the bottom ancu interior embankment slopes has been
signficantly modifieu since that time. A report dateu January 23, 1901,
indicated the leakage from tne nmorth basin to be 0.62 MGD (82,300 cubic feet
per day), and leakage from the south basin to be 1.94 MGD (258,200 cubic feet
per day).

C. An Annual Report of the water Commissioner of the City of St. Louis
for the Fiscal Year ending April, 1903, reference Chart 4-1, records the
repairs made on the stone pavement of the south basin during the previous

summer and fall. It also states that leakage tests of this basin were made




before and after grouting the pavement, and that the results of these tests
indicated a decrease from 156,000 cubic feet to 118,300 cubic feet in a
24-hour period. In addition, the Repcrt states that woeveral cavities
approximately 10 feet in diameter und / ur 8 feet deep appeared in the slope
of the reservoir near the middle of the eust side during January of 1903.
According to the Report, the depressions, which may have been caused by sink
holes, were filled with earth and stone.

d. On April 19, 1973, an inspection of the north bLasin of the reservoir
was made by personnel of Sverdrup & Parcel and Assoclat:ss, Engineers-
Architects, St. Louis, Missouri, along with representutives of the City water
Department. According to a report prepared by Sverdrup & Parcel, reference
Charts 4-2 through 4-6, the purpose ot this inspection was to determine the
probable cause of excessive basin leakage and tu recommnend procequres f{or
sealing the basin, at least to the puint where the leakage from the basin is
acceptable.

The report states that the north basin of the reservolr was draineg during
construction of Highway I-44, and that after ine highway wac completed, it was
refilled. However, soon afterwards, an objectionable amount of leakage was
noticed, and subsequently the basin was draineg again for inspection and
repair. In addition to the problem of excessive leakuye, the report states
that there are many instances of structural problems in connection with the
roof system and its supports. However, due to the demands for weter during
the upcoming summer season, repairs to the roof system would have to be

postponed until the end of summer.

The report argues that the most apparent cause of the leakage was the
drainage of the basin for construction of the highway, and reasons are given
to support this hypothesis. It also states that the structural problems
associated with the roof are due mainly to the fact that, except at the
perimeter of the roof, there are no provisions for expansion and contraction
of the roof slab. The writer mentions that movement of the roof, ¢ section
about 400 feet by 500 feet, has produced stresses in the roof cclunns
resulting in tension cracks and compressive crushing of the concrete, as well

as many instances of cracking and spalling of beams immediately adjacent to




the columns. It is also pointed out that the expansion joints vetween Lhe
perimeter columns and the roof slab buams arce no longer functioning
effectively in many locations, and that the coluinns in many pldaces have been
pushed asidge until the beam bearing ures is recduced to as little as one inch.
Other, but not as seriovus, structurali problems associeteo with the roof system

are indicated.

The report gives recommencgations for repairing the basin floor slab
expansion joints. It is also rccommenued that the repalr work be concentrated
in the areas of the sloping slabs on the north side of the basin as well us
along the north ends of the east and west sides ang in the first bay of the
flat portion of the floor immediately adjacent to the sloping slabs. A
recommendation is also made that the outside of the wail footing in the area
of the greatest leakaye be excavateu in order to inspect the bottom of the
wall footing. The report states that if voids exist bLeneath the footing, the

spaces should be sealed with grout.

The author continues by indicating that postponirig the structural repairs
to the roof system until after tnhe summer season is an acceptable risk, since
a fallure of the roof would be partisl only and would not invoive the entire
roof, or the basin walls. The report states that fullowing the summer demand,
when the basin is drained to aliow further repair work, that the levei of the
basin be reduced slowly, at the rate uf one to two feet per vay, in order to
allow hydrostatic pressure un the underside of the basin floor to dissipate

and not force out the expansion joint material or uplift the slab.

In conclusion, the report states that a comprebensive engineering
investigation of the north vasin is required tu determine the requireu
structural repairs as well as the most feasible and economical means of
accomplishing the repairs. It recommends that the south basin also be
inspected and repaired where necessary in a manner similar to that useu In the
north basin. 1he report states that with a few major improvements, the
reservoir structure should continue tu function satisfactorily for quite some
time. However, it does caution that replacement of the expansion bearing
plates and the rehabilitiation and stabilizing of the columns supporting the

perimeter beams be given the highest priorities.
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g. Leakage tests of the reservoir vasins were peptormed Ly personnel of

the Water Division during Februcery anda March of 1973 oW o report entitied
"Finaings at Compton Hill Reservolr, Spring 1973", was subscguently prepared,
The report, which is dated August 9, 1979 ulsy describes tre structural
condition of the two basins as founu wuring a recent Inspection und a series
of excavations made to chieck the conoition of the uncgerside of the footing for
the exterior wall at the north side ol the reservoir. 1This report is inclugec
herewith, reference Charts 4-7 through 4-32. Accuraing to the author, ™r.
Joseph J. Kammerer, Jr., Assistant Divisicn tingineer, Uesign and Construction
Section, City of St. Louis wWater Division, the inspection of the basins was
made at about the same time as the Sverarup & Parcel inspection, and the
excavations of the fuootings for the north wall were made as a result of a

recommnendation contained in the Sverurup & Parcel report,

According to the report, In orger Lo check leakage from the reservoir,
first the scuth basin was taken out of use while the nortih pasin reimained in
service, and then the north basin was taken out of use while the scuth basin
remained in service. Ouring tie perivy tne basins were out of service, or
isolated, readings of the basin levels were made. The report states that
during the period the south basin was isclated, a totui of ¢ vays, the level
within the basin dropped 2.79 feet which corresponds to an average ioss rate
of 0.526 MGD. Tests were also maue wuring a period when the level of the
in-service (north) basin was below the isolated (south; basin, and also when
the level of the in-service (north) vasin was avove the level cof the isolated
(south) basin. After applying several factors to account for transmission of
flow between the two basins, it was concluded that the calculated rate of
leakage from tne south basin was about 0.475 MGD. Water level readings taken
guring the test period illustrating the risc and tall of the north basin and
the loss of water from the south basin are shown on Plate 13. A similar test
was performeg at the north basin. Accurding to the report, the test period
for the north basin was lo days, the level dropped 1.18 feel, ano the average
rate of loss was 0.115 MGD. Adjusting this rate for transmission from the
south basin, the calculated rate of leakage from the north basin was about
0.093 MGD. water level readings taken ouring the test period illustrating the
rise and fall of the south basin and the loss of water from the north basin

are shown un Plate l4.




The report points out that the leakage fruin the scuth vasin is about

4-to-5 times as great as the lezkage tron the nortin busin. Mr. Kammerer
theorizes that an undergruung drainage wysten allows the leukuage from tie
south basin to dissipate lnto the surrounding parik <oill (more iikely cre, or
more, old fillea-in sink holes) withoul cauasing guasge Lo the embankinent
slopes, whereas the north basin has no such suosurface crainage system, and as
a result, water from the basin is suriscing on the norii slope arsd causing
some erosion prolems. The authur canciudes “hat construction of tre new
nighway, I-a4, is responsiole tur uilstroing the nutural uncergrouna drainage,

which has resultea in some erosion dgamage to the northe iope.

In the seccna section of the report, Mr. Kamierer presents the finoings of
inspections of the interior. of the north and south basins with respect to the
structural condition of these basins. ULuu to time limitations, only a very
cursory inspection of the south basin was mace, and, except for indicating
that no problems of major proportions were noteu, no deteails of structural
congitions are given. However, according to the report, the north basin was

extensively inspected and surveyed.

The writer mentions that several floor slabs along the west side of the
reservoir were found to be uplifted up to 4 inches, anu cracked. These
uplifted slabs were removed, repairs were made to the subpavement including
the waterprocfing membrane, anc new slabs were installed. The locations of

the new pavement slabs are shown on City Drawing 4532, reference Plate 15.

The report states that the division will was founo to be in sounc
structural condition, although water leaked through the expansion joints and
at cracks in the wall. Leakage was also noticed at the sluice gates in the
twe gate chambers, and at the sewer gate. The stem oi the sewer gate was
found to be slightly bent.

The author states that the siopes of the basin were in goou conaition,
although in some places the pavement joint material was in bad shape and
repairs had to be made. The method of repair is decribed in the report. The '
interior side of the perimeter wall was found to be in good structural t

{

condition; however, the exterior side was found to be spalling badly. The




rcof appearec to be structurally sound, with the exception of some scattereg
spalling where the reinforcing bars were exposec. Mr, Kammercer states that
the roof beams in gereral louked goud, although a few beams near the top of

the slope where they coulu Le nure closely examined, were cracked.

Tne 1eport indicates that the most obvivus problem concerns the columns at
the edge of the roof, wnich were constructec abutting the vertical wall about
the basin. In order to allow for expansion andg contraction ot the roof
system, brass plates were cast in the top of the columns and the underside of
the roof beams at these columns. The author theorizes that the brass plates
bind during the contraction cycle of rovement, and points out that the columns
furthest from the center of the structure have moved the most, with
displacement at much as 7 inches observed. Since a sinilar inspection of the
basin was made by Water Division personnel in 1970 at which time, accorcing to
individuals participating in the inspection, no significant movement of these
columns was noticed, Mr. Kammerer is of the opinion that the condition has
worsened considerably since 1970. (Having given this premise more thought
since writing the report, Mr. Kammerer now believes that movement of these
columns was probably overlooked curing the 1970 inspection.) The relationship
between the I-44 construction which took place about 1570, and the movement of
the columns 1s considered; however, nc conclusicns are drawn to incicate the
highway construction to be a cuntributing factor. A recommendation is made
that correcting the problem with the columns, as endorsed by Sverdrup & Parcel
in their report, be given the highest priority. The report also points out
that most of the columns within the basin show signs of distress, some more so
than others.

In conclusion, the author states tpat lining of the basin will halt the
leakage, but that it would be very costly to do so, and that it is best to do
the structural repair work at this time and the lining at some future time,
although lining of the basin would be beneficial to the outside walls, since
it would stop the flow of water through tne wall which is contributing to
spalling of the surface on the outside of the wall. 1t is also recommended
that a more detailed inspection of the south basin be made at the earliest
opportunity, and especially the columns and roof system in order to see if
conditions similar to that found at the north basin exist.




Elevations of column footings, measurements of movement oetacen colomas

and roof beams, measurements of Qaps Potween ond coluine an' w-11s, anu

between the slope pavement and wall, are shown on Water Division Orawings 4532

and 4533, reference Plates 1% and 1w,

In the third section of the repart, Mr. Kammerer presents the findings at
a series of excavations made to check the condition of the ftooting, cubgrace,
atc., of the vertical wall at the nartih end of the reservoir. The loucatons of
these excavations are shown on Drawings 4532 and 4533, Plates .5 anc 16, and a

schedule indicating the size ot each is presented on Drawing 4533,

To summarize this section of the report, several of the excavations, there
were 13 excavations in all, showed that the earth hao settled up to 1.5 inches
beneath the feooting, a vertical crack was found in the footing of one of the
excavations, a tension crack was found in one of the concrete piles supporting
the footing, and two ncles, one of which was about 2 inches in diameter, were
found in the steel sheet piling. Tne writer states that the holes in the
piling were sealed. During this time, the north basin was being refilled and
it was necessary to pump water frum the excavations. However, by directing
the pump discharge down the stairs at the rortheast corner of the reservoir,
it was found that the north slcne dried noticeably. Since it became apparent
that sealing, or even finding all of the sources of leakage through the sheet
piling would be nearly impossible, these exploratory excavations were halted.
Mr. Kammnerer reported that it was then cecided to install the 4-inch diameter
pipe subdrain system that runs parallel and adjacent to the north wall in
order to intercept the leakage at this location. It is about this time that
Water Division Drawings 4536 and 4537, reference Plates 17 and 18, were
prepared showing the relationship of the north end of the reservoir, including
the 4-inch diameter subdrain, and the highway.

According to Mr. Kammerer, during the period of January through April of
1975, certain repairs were made to the perimeter beams and columns of the !
north basin. These repairs consisted primarily of the installation of new \
expansion plates at the locations of the original brass plate type expansion
plates at each of the columns adjacent to the outside wall of the reservoir

structure. Mr. Kammerer reported that after relieving the Leam load on the
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column, the brass plate of the column was removed along with about 8 inches of
concrete beneath the plate at the top of the column; a Teflon coated
stainless steel plate with stainless steel anchors was grouted in place at the
column; a similar Teflon coated brass ; ..te was glue, using an epoxy type
adhesive, to the old brass plate of the beam; and last, the temporary

supports of the beam were removed and the beam was allowed to rest on the

column. Mr. Kammerer also reported that no repairs were made to the expansion
plates of the south basin since a recent inspection of the roof support system
for this basin indicated the original expansion plates were functioning

satisfactorily.

f. As a result of a slight slope failure of the north embankment slope
that apparently occurred sometime in 1972, an investigation of the stavility
of the north slope was made during a tw» ycar period beninning in the spring
of 1975. Subseaquently, s report titled "Slope Stability Study of Compton Hill
Reserveir", dated June 28, 1977, reference Charts 4-33 throuah 4-46, was
prepared. A drawing showing the north slope of the reservoir embankment,
piezometers installed within the north slope for the purpose of measuring
ground water levels, the 4-inch subdrain pipe installed in 1973 by the water
Division, and the I-44 highway retaining wall, including the 18-inch diameter
subdrain at the wall, is shown on Water Division Drawing 4545, reference Plate
19,

In the report, which was written by Stephen J. Runde, Civil Engineer 1I,
Design and Construction Section, City of St. Louis Water Division, procedures
for investigating the stability of the slope as well as the effectiveness of
the 4-inch subdrain are described. The report states that seven piezometers
were installed in the north slape in April of 1975 for Lhe purpose of
maintaining ground water levels. B8ased on readings of aqround water levels,
the author is of the opinion that water is flowing in a northeastwardly
direction, that the 4-inch subdrain system is performing woll, and that the
presence of excessive ground water within the slope is climinated. Mr. Runde
states that since the soil is of high strength and the 4-inch drain is
maintaining the slope dry, the slopc is very stable provided that the filter
material about the suhdrain pipes is effective in preventing the

transportation of soil solids. Samples of the flow in lhe 4-inch and 18-inch
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pipes were aobtained and lested. By inspection of the samples, it was

determined that no suspended solids were prescnt. Additional tests were mage
to check the amount of dissolved salids; however, these tests only indicated
that the mineral content of the samples increased with the level of the
reservoir, that the minerals found were not consistent with those present in
the overlying soil, and even so, loss of these minmerals did not affect the
strength of the soil. #Piping of the soil was therefore ruled out as a likely

cause of slope failure.

In conclusion, Mr. Runde states that the slope is stable and that no
further investigations are necessary at this time. It is recommended that the
piezometers be monitored, flow measurements of the drains be made, samples of
the flow be taken in order to check for solids, and that all of these items be
done on a three to four month basis.

Records of flow and the results of total solid tests performed on samples
obtained from the two subdrains for the period beginning Jure 30, 1975 and
ending December 28, 1976 are shown on Charts 4-43 and 4-44. Records of
piezometer ground water levels for the period beginning May 15, 1975 and April
29, 1977 are shown on Charts 4-45 and 4-46. Additional flow measurements for
the period November 8, 1978 through June 29, 1979 and the period August 3,
1979 through February 6, 1981 are shown on Chart 4-47; additional piezometer
readings for the period July 3, 1979 through February 4, 1981 are presented on
Chart 4-48. R. E. Sauthoff, Civil Engineer, Horner & Shifrin, was present
during the February éth readinns of piezometer ground water levels and
subdrain flows. The flow periods shown on Chart 4-47 are the times in seconds
required to fill a 2.5 gallon bucket, which for the February 4, 1981 readings
for the 4-inch drain corresponds to cbout 8.1 gpm (11,660 gpd) and for the
18-inch drain, to approximately 26.5 gpm (38,160 gpd). Due to the fact that
the flow readings for the 18-inch drain were taken at a manhole located
downstream of the junction of the 4-inch drain, the values shown on Chart 4-47
and above for the 18-inch drain also include the flow in the 4-inch drain, and
therefore, the actual flow in the 18-inch drain is the difference between the
two readings, or in the above instance, 16.4 gpm (26,500 gpd).




According to tie Stanley T. Fletcher, Division E£ngineer, besign and

Construction Section, City of St. Louls water Division, two sets of iron rods
were set within the north embankment for the purpose of monitoring movement of
the slope. The locations of these rods were checked pericdically by the Water
Division beginning on November 3, 1978 and cnding on Uctober 2, 1979, and
records, reference Chart 4-49, were maintained.  Some movement of the rods, up
to 7/8-inch, is indicated. However, Mr. Kammerer is of the opinion that the
rods may have been disturbed by equipment used te cut fhe grass as others
obviously were and, theretore, the readings are somewhat questionable.  The
rod locations are no longer measured since a3ll have either been disturbed or

are missing.

4.3 MAINTENANCE OF OPERATING FACILITIES

According to Carl R. Schumacher, Division Engineer, Supply & Purifying
Section, as reported by Joseph J. Kammerer, the gate operators for the
manually operated sluice gates in the east and west gate chambers are
serviced, but, because it is felt that other items have a higher maintenance
priority, not on a reqular basis. According to Thomas A. Rothermich, Division
tngineer, Operating Section, the motorizeu sluice gate operators are remotely
test operated once a month, and the sluice qates are fully closed once a
year. Mr. Rothermich reported that the level transmitted by the telemetering
equipment 1is checked daily by comparison with the level indicated by the staff
gage located in the west gate house of the reservoir. Mr. Rothermich also
indicated the high water alarm is checked once every 2 years, and that the
full range of level sensing is checked every 5 years. Mr. Kammeraer reported
that the emergency gasoline operated gencrator located in the west gate house

is test started once a month tn insure its operation.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

According to Stanley T. Fletcher, Division Enginecr, Design & Construction
Section, the reservoir is routinely ohserved during the day by Water Division
personnel as well as by employees of the Parks Department during the grass
growing season, and by the City police patrolling the neighborhood area. Mr.

Fletcher indicated that in case of an emergency, such as the iminent failure
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of the reservoir embankment or wall, the remotely operated sluire gates

contrulling inflow to the reservoir would be closed and the sluice gates at

the sewer chamber on the east side of the structure would be opened and the
basins would be drained as quickly as possinle. As previously indicated, the

level of the reservoir is continuously monitored by a telemetering system, and

a high level alarm device is provided.

4.5 EVALUATION

It is recommended that monitoring of the north slope of the reservoir
embankment continue as planned. It is also recommended that, as soon as
practical, repairs be made to the columns and beams supporting the north basin
roof system, and that a detailed inspection of the interior of the south basin
be made in the near future in order to determine its structural condition. 1In i
order to accomplish this inspection, it will be necessary to drain the basin,
and, as stated in the Sverdrup & Parcel report, the basin should be lowered at
a rate not to exceed l-to-2 feet per day in order to avnid damage by
hydrostatic pressure to the floor of the basin.

The slope stability study of the north embankment of the reservoir,
performed in 1977 by Stephen J. Runde, is considered to be of limited value
since the stability of the slope is evaluated in terms of past performance,
i.e., Mr. Runde argues that since conditions relating to the slope, such as
the level of the ground water table, have improved or in the case of the two
subdrains, are as good as, or better than, that existing before the highway
was constructed, the slope is stable. Although this reasoning has logic, it
does not consider the fact that the stability of the slope could be marginal
and that the factor of safety is borderline. As indicated in Section 2,
paragraph 2.1, an extensive investigation of the north side embankment was
made by the Missouri State Highway Department prior to the construction of
Interstate Highway 44. However, this investigation was primarily for the
purpose of determining the stability of the retaining wall to be constructed
along the south side of the highway adjacent to the reservoir, and did not
consider the possibility of failure of the reservoir embankment at levels
higher than the wall, such as at the level of the bottom of the piling that
supports the reservoir wall, or local failure of the slope itself, such as was

experienced in 1972.
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Design data pertaining to the hydraulics of the
reservoir were unavailable.

b. Experience Data. The level of water contained within the reservoir
is unaffected by precipitation and/or storm water runoff. As previously

indicated, the level of the reservoir is dependent upon user demand and
leakage. The reservoir is supplied with potable water by pumping from the
City's Chain of Rocks Treatment Plant. However, it can also be supplied,
through a number of bleeder valves at cross connections, by the Stacy Park

Reservoir. Reservoir inflow-outflow varies and no metering of flow at the
reservoir is made.

c. Visual Observations.

(1) The reservoir is divided into two identical basins by a
centrally located division wall. Each basin contains approximately 135.0
acre-feet (44.0 MG) of water at normal high water level, and 140.5 acre-feet
(45.75 MG) of water at the overflow level. The basins are normally operated
in parallel, but can be independently operated via a system of gates.

(2) Two openings, one for each basin, each approximately 1.4 feet
high by 6.0 feet long, located in the sewer well of the east gate chamber near
the top of the structure, is provided for basin overflow in the event of
surcharge in excess of the maximum high water level. The level of the
reservoir is continuously monitored and the surface elevation is transmitted
by a telemetering system to both the Chain of Rocks Plant and the Kingshighway
Avenue Office of the Water Division. Normal high water level is about 1.2
feet below the crest of the two overflow openings. An alarm is sounded at the
Chain of Rocks Plant and at the Kingshighway Avenue Office in the event the
reservoir level exceeds the normal level by 1.0 foot.
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(3) A 20-inch diameter pipe sewer is provided to drain the sewer
well at the east gate chamber. A gate valve, normally open, is located on the
sewer at a point approximately 68.5 feet due east of the wall ahout the
perimeter of the reservoir. The drain line connects to the City's sewer
system at a manhole located at the intersection of Compton Hill Place and
Geyer Avenue.

d. Hydraulic Analysis. An investigation of the 20-inch diameter pipe

sewer that serves to drain the reservoir was made. The purpose of this
investigation was to determine the capacity of this outlet in order to make
some judgement of its adequacy with respect to the capacity of the two
+erings located within the sewer well of the east chamber.

Investigations of the hydraulics of the 20-inch sewer indicated the
capacity of the pipe to be approximately 30 cfs, since for flows greater than
about 30 cfs, it was found that the hydraulic gradient exceeded the level of
the top of the manhole located just downstream of the sewer valve. A profile
of the 20-inch diameter showiny Lhe relative locations and elevations of
pertinent features is presented on page B-2 of Appendix B. An investigation
of the hydraulics of the two 1.4-foot high by 6.0 foot wide openings provided
for overflow of the reservoir basins indicated, using a weir approach, that
the two openings could pass flow up to about 50 cfs before the top of the
opening was exceeded by the level within the reservoir. It was therefore
concluded that the governing feature for draining the facility is the 20-inch
diameter sewer.

If it is assumed that inflow to the reservoir is not suspended at the
normal high elevation level (elevation 185.4), or at the high water alarm
level (elevation 186.4), and if it is also assumed that the inflow to the
reservoir is equal to approximately 50 percent of the pumping capacity of one
of the distribution pumps located at the Chain of Rocks Treatment Plant, (the
remaining 50 percent being dispersed by the distribution system), the net flow
entering the reservoir and overflowing the two openings at the sewer well
would then amount to approximately 31 cfs. Reservoir outflow of 31 cfs is
less than the capacity of the two overflow openings and approximately equal to
the capacity of the 20-inch pipe sewer. It was, therefore, concluded that the
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sewer provided to drain the reservoir as well as the basin overflow openings
are of adequate proportions in the event of failure to termimate reservoir
inflow, and no revisions to these features are considered necessary. In
addition, no hazardous or damaging consequences relating to releases through
the overflow openings at the sewer chamber were reported by the Owner's
representative.

As previously indicated, for sewer flow in excess of 30 cfs, the hydraulic
gradient will exceed the level of the top of the manhole located just
downstream of the sewer valve and some local flooding of the area at this
location may occur. Flooding of this area is not expected to be of serious
consequence due to the fact that the excess flow will be retained between curb
lines of the adjacent (Compton Hill Place, Geyer Avenue) downstream streets

and collected by the various curb inlets located along these streets.

However, it is recommended that drainage of the reservoir basins be controlled
in order to prevent surcharging the sewer outlet to the point that overflow of
the manhole occurs.

Calculations of sewer capacity, overflow capacity, and assumed reservoir f!
inflow, are presented on pages B-3 through B-6 of Appendix B.




SECTION & - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILTTY

a. Visual Observations. Visual observations of conditions which

adversely affect the structural stability of the reservoir are discussed in
Section 3, paragraph 3.lc and in Section 4, paragraph 4.2.

b. Design and Construction Data. Readily available design data relating

to the structural stability of the reservoir is limited to the details shown
on the construction plans, to stability analyses of the reservoir walls and to
investigations of the north side of the reservoir by the Missouri State
Highway Department prior to construction of Interstate Highway 44. Records of
construction data relative to the structural stability of the reservoir, such
as tensile tests of reinforcing steel, concrete compression tests, and soil
compaction tests, were unavailable. Seepage and stability analyses of the
reservoir embankment comparable to the requirements of the "Recommended
Guidelines for Safety Inspection of Dams" were not available, which is
considered a deficiency. These seepage and stability analyses should be
performed for appropriate loading conditions (including earthquake loads) and
made a matter of record.

c. Operating Records. Records beginning in 1960 of the reservoir level

are on file at the water Division's Chain of Rocks Treatment Plant. Records
of the reservoir level prior to 1960 have been discarded. Records of the
ground water level at the piezometers in the north slope of the reservoir
embankment, the flows in the 4-inch and 18-inch pipe subdrains at the north
slope, and measurements of iron rods set in the slope are available at the
Kingshighway Avenue office of the Water Division. This data is also included
herein, reference Charts 4-47 through 4-49.

d. Post Construction Changes. Two major post construction changes have

taken place since the reservoir was originally constructed in 1868-1870 that
are considered to have a bearing on the structural stahility of the

reservoir. The first such change occurred in 1915-1916 when the reservoir was
raised approximately 10 feet by the addition of a wall about the perimeter of
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the structure. As indicated in Section 2, paragraph 2.1.d., the stability of
the reservoir wall was investigated. However, an investigation of the
stability of the earthen embankment about the reservoir was unavailable. The
second change occurred in about 1969 when Interstate Highway 44 was
constructed adjacent to the nmorth side of the reservoir, and as a part aof this
construction, which is in cut, a retaining wall was constructed near the north
embankment. As indicated above, an extensive investigation of the north side
of the reservoir was made by the Highway Department to insure the stability of
the highway retaining wall adjacent to the reservoir. Also, in 1933, a roof
was added to cover the north and south hasins of the reservoir. Since the
structural condition of some elements of the roof system is somewhat suspect,
failure of the roof is a possibility. However, it does not appear likely that
such a failure would affect the overall structural stability of the reservoir.

e. Seismic Stability. The reservoir is located within a Zone II seismic
probability area. An earthquake of the magnitude that might occur in this
area would not be expected to cause structural damage to this facility

provided that static stability conditions are satisfactory and conventional
safety margins exist. However, it is recommended that the prescribed seismic
loading for this zorne be applied in any stability analyses performed for the
reservoir embankment and wall.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. As noted during the inspection, the exterior surface of the
concrete wall about the reservoir is hadly spalled in many areas. In some
locations, the steel reinforcing bars at the top of the wall (not the
principal steel) are exposed, and in other places, lime residue irdicating the
seepage of water through the wall was evident at the locations of cracks in
the concrete. According to inspection reports by the Water Division, these
structural defects have been apparent for some time.

Although not actually observed during the visual inspection, records
provided by the Water Division, of previous inspections of the north basin of
the reservoir indicated that many of the columns supporting the roof system
are severely overstressed and deflected, in some instances adjacent to the
outside walls of the structure, to the extent that very little support is
provided the roof beams. Although it has been reported that repairs have been
made to the perimeter column and beam expansion plates and that the area of
bearing of the beam on the column has been increased somewhat, no judgement of
the condition or efiectiveness of these repairs can be made since an
inspection of the reservoir interior was not made. However, it is known, as
indicated above, that there are cclumns and beams within the north basin that

are in poor structural condition and in need of repair.

Seepage and stability analyses of the reservoir embankments were not
available for review, and therefore, no judgment could be made with respect to
the structural stability of the embankment of the reservoir.

b. Adequacy of Information. The engineering data available for

assessing the design and construction of the reservoir is considered adequate }
for the purpose of this investigation. As indicated above, seepage and

stability analyses of the reservoir embankments comparabhle to the requirements

of "Recommended Guidelines for Safety Inspection of Dams" were not available, ‘
which is considered a deficiency.

7-1




c. Urgency. The remedial measures recommended in paragraph 7.2 for the
items concerning the safety of the dam noted in paragraph 7.la should be

accomplished within the near future.

d. Necessity for Phase 1I. Based on the results of the Phase 1

inspection, a Phase II investigation is not recommended.

e. Seismic Stability. The reservoir is located within a Zone II seismic

probability area. An earthquake of the magnitude that might occur in this
area would not be expected to cause structural damage to this facility
provided that static stability conditions are satisfactory and conventional
safety margins exist. However, it is recommended that the prescribed seismic
loading for this zone be applied in any stability analyses performed for the
reservoir embankment.

7.2 REMEDIAL MEASURES

a. Recommendations. The following actions are recommended.

(1) Obtain the necessary snil data and perform seepage and stability
analyses of the reservoir embankments in order to determine the structural
stability of the facility for all operaticnmal conditions. These analyses
should include the surcharge imposed by the reservoir wall and the maximum
hydraulic level of the reservoir. Seepage and stability analyses should be
performed by a qualified professional engineer experienced in soils and
foundation engineering. It is also recommended that the City obtain for their
files a copy of the April 7, 1967, Missouri State Highway Department report of
their investigation of the stability of the north side of the reservoir.

(2) The Owner should prepare contingency or emergency plans which
provide for steps to be taken in the interests of public safety in the case of
imminent structural failure of the reservoir. Due to the fact that the
reservoir is located in a highly populated urban area, an emergency flood
warning system is considered desirable to mitigate potential for loss of life.
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b. Operations and Maintenance (0 & M) Procedures. The following O & M

procedures are recommended.

(1) Repair as necessary the Jeteriorated areas of the outside walls
of the reservoir and provide some means, such as lining of the interior side,
of preventing leakage through these wails. Continued deterioration of the
concrete and/or reinforcing steel within the wall could ultimately result in
structural failure of the wall. The wall should be waterproofed prior to
restoration of the exterior surface since mnisture seeping through the wall

will only result in re-spalling of these repaired areas.

(2) Although not considered an item that might affect the safety of
the reservoir, the Owner is advised to repair, or replace as necessary, the

roof support beams and columns within the north basin of the reservoir. Loss
of roof support due to beam or column failure could result in conllapse of a

portion, or all, of the basin roof.

(3) Since the inside of the north basin has not been inspected since
1975 when repairs to the column expansion plates were made, and since only a
very cursory inspection of the inside of the south basin was made in 1973, it
is recommended that a detailed inspection of the interiors of each basin be
made sometime in the near future, and that similar such inspections be
instituted on a periodic basis, such as every five years or sn. It is also
recommended as is the policy of the Water Division, that records be kept of
all inspections made and remedial measures taken.
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under evremely mmvoradde eoaelitions {
|
Complen HiN Wesorvoir. !
The roepadrs on the sauth Laan of the Cometon il feseryvolr were '
continmed o The sutnner gan! tall o Phe o s fn the stane pavipe
on he slapes pot aleeady so o treatods were Gbe ! with sronl, ande of o
s of aled teo patts satd oo e pan!l of conoent Jnowale o oanel thee
N whole mnfaee wiss atterwaras given fs o conts ot cement warsde Lewdoane
- osts owineh were taauge ol Pasin b fare g e crnating showe )

podeercise trom Dabreed cuble feet ta LISI00 cabie foot per 20 hongs,
Theso tentso were ma e with the water i vhie o coevalr ol ao wverigae oloe
Vittiveqy g 17000,

Several deprescions veenrred on the sbeae nenn he midate of e
dde ol the roacevolr chugtag eseitey, Do Cavithes of ensonlerah)e
peorbitpe T oot i coameter and T oee S Seet doep sudbdenlny oup-

peared. CPhese depr asions vere L with e e st dowill te
e gy oowately comdinons cinelaiiy o and it probat e thin o thor
et reranstraeiion s wonbd be aedve afte wr ane Gaady e An cexame
ination of the north hasin i now 3oing pupde 2 oh oa vaew b snanking
Saell repmirs as o will pot the bastn i v by cdae comdithon, Albog?
SHervmn was enpaeded doringd The ear o reiateen of the aesin,

The woric ob Bepresing fhe soronedi i the recervolr park wa
contipied duringe the sears Phe vaady on e cact v be of the parls worn
privhed and recopstencted and grandtobl o ogtborn wese pravldes. Acting
on the redommendation of the Stred Contmesbener, w0 new  peanituid ‘
wath wis ladd on the north stde of Rasseil averse, from Grand avenin
t fouisina avenne, ant o pranbobd walk and entrer on the west side

- of Lotbaang avenne from Russcll avente o atverr the mldd'n of tha

[RTHY
s,

paric Abaut EaA000 W expende!d on the grommds and ghout $2,500,00 I
for the aunitold walk and gotters cutalle of the park., . . )
i

. Poxperoneninl Siphons.

Inomy bnst oreport, reference wis made o oxpestnental siphons
which were planced between Basing Noso [, 2 amd 20 Thows siphors have
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BYERDRUP & PARCEL AND ASSOCIATES, Inc.
‘:, : ) s ENGINE ERS —ARCHITECES
H . . . 80O N, 122 BOUVLEVARD
' . Rm,C, ‘WEST - . 8§T. LOULIS, MISSOURT G101t
L, srEcuTive wics PRESIOENT

Lrril 25, 193 : D : ‘

X N .
.. Mr, C, B, Briscoe
Weter Commissianer
\«,Department of Public Utilities
'City Hall

St Louls Missouri ¢€3102

':Dear Mr Briscoe:

'+ " Transmitted herewith is a memorandum report
of our recent inspection of the Compton Hill Rescr-
‘voir, .

; Recommendations are made in the report for
contmuing repair in preparation for the swmmer scason .

.and for further inspection. While we do not believc '

there 1s the possibility of an immediate or catastrophic ,

- failure occurring, there are certain items which reed .
to be examined and taken care of, We will be glad to

"discuss a continuing program with you at your con-

venience.

Yguys very truly, )

Wcst
Executlve Viece President

-t

.ﬁ‘! 1'4 ""'l

‘v ;.~




R T CIE ER T SVERDRUP & PARCEL AND ASSOCIATES, Inc
e oo ENGINBEERS - ARCHITECTS

IR : : . BOO N. 1201 BOULEVARD
’ . SI. LOUIS, MISSOURI GH101

g " CITY OF ST, TOUIS
B DEPASRTMENT OF PUBLIC UTILITIES
WATHIU DIVISION

A Report on Conditions and Recommendations
concernirg the Compton Hill Pescrvoir

RN An inspection of the present condition of the North Basin

‘e of the Compton Hill Reservoir was made on April 19, 1973, Mr. Stanley
;Fletcher and others of the St. lLouis City Water Dephrtment met with

Elmer Ott and James Otto of Sverdrup & Parcel and Associates, Inc,

‘ to discuss and attempt to detcrmlne the problems, the probable causes,
T and the p0351b1e solutions.

Lo The basic situation is that the North Basin of the Compton

. Hill Regerv01r was drained while Highway I-// was being conutlubted

to jhe immediate north of the reservoir, and that when the basin was

refilled, an objectionable amount of 1cakage was noticed, The busin

f.wasispbsequcntly drained again for inspection and repair.

Sl The rescrvoir was originally constructed about 1870 with

. earthen walls, and was reconstructed about 1915 with reinforced con-

v erete walls and floor, The floor gystem consists of a concrete slab

*%,1.""placed over the original puddle clay core, an acphaltic membrane over

‘. the slab, and a top wearing slab. About 1930, the roof for the reser-

'voir was installed, utilizing columns which bear on top of the floor

;” system to avoid penetratlon of the waterproof membrane., After the

..construction of the roof, the basin rcmained filled until being

dralned for the congtruption of the highway,

.

<A

T ;.ﬂu Comblnlng a study of the drawings of the qtructure a cursory
AR, ‘on-site inspection of the interior of the basin, and the rcportq and
»,."  comments of the Water Department personnel, it 1 ¢vident that in

-+ addition to the problcms of léakage, therc are ma ny instances of

. structural problems in connection with the roof system and its supports,
. The Water Departnent desires to refill the basin 7n time to meet the

e peak demands of the summer season, and accordingly, our rccommended

s ¥, correotive action combines measures to abate the major leakage imme-

N v diately along with further work to be done after the summer season

1s past.
L7 The leakaze has only. bpen noticed along the north wall of
. the roservoir ,talthough it is quite probable that come amount of
1eakage is also present along . the other walls, The most apparent

i _cauge of the leakase was the druinage of the basin fer the construe-
bion of the higrway. The draw-down was probably very rapid, and the

1

A : Chart 4-3 v




_iesulting exterior nydrostatic pressure sgainst the “lcor forced mueh
.. of the joint riller material out of the joints, as well as causing
; oo mENY ‘'of the flocr parels to 1ift or crack. Furiher, the duration of
551‘;,1;?:Yu1‘the basin being cmnty ellowed the soil bveneath the reservoir to dry
RV T“&\f out to some extent., When the basin was cubscquently refilled, the now’
: ; partlally—filled Joints allowed a greater ieakage which in turn was
“"able to erode thrrough the dried out soil, From the reperted location
""of where the greatest leakage was noticed, it is niust likely that the
1 water is flowing cut under the slab and wall footing aund then over
‘the top of the puddle clay core, Some of the jo'nls in the floor slab
7 'which were originally thre —quqrtcrs of an Inch wide are now over
l-1/2 inches wide.

L .., The structural problems noted are due mainly to the funt
‘1that the roof slab is approximately /400 fect by 500 feet with the only
.-provision for expansion and contraction being provided along the peri-

. ‘meter of the basin, The forces induced by the movements of the slab
,have produced flexural stresses in the columns which have cdused ten-

* gion cracks and compressive crushing of the conerete along the outer

> rows of columns, and this has subsequently allowed corrosion of the

9’y reinforcing, The forces have also induced many inctances of cracking
. and spalling of the beams immediaicely adjacent to the columns, Further,
.+ the sliding iype cxpansion joints between the perimeter columns and |
S A g .the roof slab beams are no longer working effectively in many locations.
R L ;'\‘a‘ The expansion plates are apparently binding and the columns in many
e EAR locations have been pushed to the side until the bearing area is re-

s PA quced to as little as one inch, where originally ccven inches had been
RTe I "intended. Further movements of the slab could result in beams being
-ﬁﬁﬂ“‘ pushed off the columns, which may cause a local collapse of a small ’
In addition to Thiu, there are many beams

" with hair line cracks as well as many places in which some of the roof

i slab concrete has spalled away, which in turn exposes the reinforcing
*?to'corrosion The area of concrete within the normal operating levels
.’of the reservoir displays many exwnples of corrosive attack, due to .

- the immersion and drying cycles. The walls of the basin appeared to

X - be in good condition for a structure almost sixty years old, although
'conS1derab1e spalling has occurred on the exterior of the reservoir,

some settlement along and under the north wall and slope, but this

' " has not yet been determined. There’ may have been some rotation of
SR T the exterior wall alonyg tho north side, or even along the cast and
' "wegt sides, vut it would be extromely difficult’to cstablish when

A -4 “ this occurred With the subscquent installation of the highway re-
SR IO ,vd. taining wall and the backfilling therecof, the lack of any further !
g ' s+, future settlement cannot be fuaranteed, buL it should be minimal. A f

The cpen cut for the highway work may possibly have caused ,H

)

j;';{ P detailed study would be required to analyze what p0331ble effect the

R J\v open cut had on the reservoir. ., '

‘:1_('._‘,. ‘I o N N ” - d

%f;'??n v w7 . In order to use the north basin of the reservoir for this %
@“{Lf‘f:-f;ﬁ summer's peak demand, our recommendation is for the immediate repailr

st fh-ff.f,,work to be ooncentrated on repairing the expansion joints in the floor

-3 S Y 1
X o '
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-~ slab, This should be done principally In the arcas of the slinping
. Slabg _on the north side of the basin and along. the north ends of the
" gast, and wes t sides for a minimum of eighly feet, and for dre rir t,
, bay of the fla; portion of the_flopr Jumndlqtely adjazenl Lo the
T‘ulqpln&~slabs The existing joints should be raked clean to a depth
of three inches and a suitable sealant must be installed. The Joints
over threc-quarters of an inch wide should be grouted, ns chould any
cracks in the floor slab. The joint between the vertical wall and
the sloping floor sleb should be cleaned, including removal of the
thin facing on the wall at that point, and then t'illel with greout.
Repair work on the slopiny slabs on lhe cas’ and west cides should be
started at the north end and continued as far to the south as iime
. permits., Any repair werk ito lhe roof slab or to the colunms can be
;. postponed until after the summer season,

" While the slab expansion joints are being repaired, the out-
side of the wall footing In the area of the greatest leakage along
the north wall of the reservoir should be excavaled and exposed enough
. "to allow visual inspection to see if the ecarth has fellen away from
* the bottom of the footing. If it hag, then chemical grout should be
- pumped under the footing to fill the v01ds Other areas along the
north, as well as along the east and west sides should also be checked
" and grouted as necessary. Thece repairs should appreciably reduce, if
* not eliminate, the excessive leakage from the basin. After refilling
the basin, if leakage is still a problem, possibly a diver could be
used to locate the problem area with the use of dyes or other means.
The ultimate solutioqn, to the leakage problem would be the installation
- of a 1iner or similar mcmbrane but th1ﬂ would be very cxpensive and
will Qrobably not be TLQUIIOd
-n u‘ Tl @ e, 4

The postponement of any structural repairs until after the

summer involves the risk that there may be some partial failures of
the roof slab along the perimeter of the basin, These would not
cause the failure of the whole roof cystem or of the walls of the
basin, and the arca could quickly be covered Ly a temporary closure,
The recommendation to take this acceptablé rick is basced on a con-
sideration of the time alloted for repairs at this time, as well as
; the posgibility that the load may redisiribute and not cause an
-’ immediate failure cven if the beam does slide beyond the colunn,

. There should be sufficient time available now to make the

outlined repairs to the basin to allow' its use for this summer. ¥Fol-
lowing the summer demand, when the basin ig drained to allow further 1
repair work, it is rpgommended that the water level be reduced slowly, |
at the rate. of..cne.to tvio feet. per day, This should allow for the \
. exterior hydrostatic pressure to be dissipated to prevent the joint
*  material from being forced out and the possible uplifting of floor
slabs, Those joints which wera pot raked and filled before should
then be repaired, concurrently with the repairs which must be made
for the structural work. '
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. A comprehensive engineering investigation of the north
".basin is required to determine what structural repairs are required

" as well as the most feasible and econamical means of accomplishing

“the repairs., The south basin of the reservoir should also te in--

! ;'spected, utilizing a rubber raft while the basin is reasonably full.

.« Although no lealage problems have been noted, there is definite
" probability of detecting structural problems and potential failures
' gimilar to those found in the North Basin, Any structural problems

:"found should be repaired in a manner similar to that used in the

- North Basin, These inspections can proceed during the period while

2 “the immediate repairs are being made to the north basin, and they

+". should be completed as soon as possible.

ﬁ"“‘ j:”. Following the inspection of the basine, the preparation of
A'speclfications and details for the siructural ronabllitatlon of .the
-~ roof and its supports should be undertaken. The major problem of ex-

‘2 pansion and contraction camnot be eliminated, but use of recently .

developéed materials will help insure a systcm which can cope with the
“ gituation, It is apparent that the structure has functioned satis-

Aj-ﬂfactorily for the past forty years, and that with a few major improve-
. ments and repairg, it will continue to do so, A priority for the

repairs can be established to allow the work to be accomplished as

‘+ 4ime and available funds permit. The hipghest priority must be allo-

cated to the replacement of expansion hearing plates and the rchabil-

. . itation and stabilizing of the columns supporting the perimeter beams.

" This work must be accomplished at the earlicst opportunity. Lower

- prioritics would be set for patching and repairing deteriorated beams,
©t “glabs, and colwmns, based on the individual severity of Llhe problem

'5.and on 1ts effect to the integrity of the structure.

..
Y LXIN
. o

The Campton Hills Reservoir is one of the major components

%~ 'of the City Water Department, The utilization of botl basins is

essential during the summer time to meet the demands of the City of

. St. Louis, The repairs -°d recomnended work outlined in this report
" should assure that this structure will continue to serve the community
.. ‘'as 1t has for the past century,
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FINDINGS AT
COMPTON HILL RES®ERVOIR

SPRING, 1973

BY

JOSEPH J, KAMMERER, JR.
CIVIL ENGINEER II
DESIGN AND CONSTRUCTION
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DEPARTMENT OF PUBLIC UTILITIES
WATER DIVISION
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Director of Public Utilities CISTRIBUTION
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DESIGN & CECNSTRUCTION
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- HARQOLD 8. WELGE
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Mr. S. T. Fletcher

Division Engineer

Design & Construction

City of St, Louis Water Division

Dear Mr, Fletcher:

The accompanying report, entitled "Findings at Compton Hill Reservoir -
Spring 1973", is submitted to you as a status report on the project you

assigned to me as Vork Order #P18158, "Line North Half of Compton Hill
Reservoir",

This project began as a search to find a suitable liner for the lNorth
Basin of Compton Hill Reservoir, An attempt was made to determine the amount
of leakage from the reservoir so as to provide a basis to judge the effect-

iveness of a new liner, The results of those tests arc included in this
repert,

¥hile investigating the conditions in the North Basin for lining purposes,
gome areas were found that we felt needed repair, This report contains the
method of repairs made in those places. An effort was made to describe other
conditions found that need repairs badly, the probable causes of such conditions,
comments about them, and the general condition of the reservoir,

Respectfully yours,

Joseph J, Kammerer, Jr,
Civil Engineer II '
Design & Construction ‘

JJK/RG/pe
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LEALAGE TESTS

An attempt was made to try to determine the amount of water that is
lealdng from Compton Hill Reservoir., Since the whole reservoir could not
be taken out of service at one time, each basin was isolated at different
times, in order to leave the opposite basin in service. The south basin
was isolated first, This was accomplished by ~losing toth sluice gates
leading to each of the two gate chambers, (four sluice gates in all). The
south basin was allowed to sit idle while the north basin coantinued to
function as normal, which in effect cut the reserve supply of water in half,

The elevation of the west hatch frame was determined by survey, to set
a reference point. Readings were taken to the hundredth of a foot with a
level rod by lowering the rod until the surface of the water was touched and
reading the rod at the hatch frame level. Readings were recorded tiwice
daily, usually at 9:30 A.M. and 3:30 P,M.

The south basin was checked by this procedure from February 5, 1973 to
February 13, 1973; a total of 8 days, During that time, the level in tne
south basin dropped from 185,33 to 182,54, a total of 2.79 feet. This
calculates out to a total of approximately L.3L million gallons. That
averages out to about 526,000 gallons per day.

However, this figure may be slightly misleading., Looking at the
accompanyling charts that graph the leakage results and comparing the plot
of the elevation of the south basin (isolated) to the plot of the elevation
of the north basin (in service) one can see visually that, on the average,
the "in service"” basin elevation is lower than the "isolated" basin elevation
for a greater length of time. This would make no difference if we had a

perfect water tight seal between the basins, but we dont't,

Page 1 Chart 4-9
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There was leakage around the sewer gates that was measured in the field

to be about 5,000 gallons per day., There are also crecks in the division

wall and spaces around the sluice gates that allow water to get from one

basin to the other. This happens only when there is a difference in elevation
between the two, The head differential will force water through any openings
from the high water level to the lower level., This amount will vary with
different head differentials and the length of time.

An attempt was made to try to determine wvhat effect these head differ-
ences had., The amount of water leaking through is directly prooortional to
the velocity of the water going through any openings. The velocity is
directly proportional to the square root of the head difference, e.g., if
the head is doubled, the flow will increase by a factor of N2,

Two 18 hour periods were chosen for calculation purposes. These were
3:30 P.M, of February 10, thrcugh 9:30 A.M, of February 11, during which
period the "in service" basin was at all times below the "isolated" basin,
and 3:30 P,lMM, of February 11, through 9:30 A%, of February 12, during
which period the "in service" basin was at all times above the "isolated"
basin, For the first period the basin lost 469,000 gallons in 18 hours or
0.625 MGD. During the second period, the basin lost 202,000 gallons in 18
hours or 0,269 MGD,

Let: A = Actual leak from basin

LA = leakage between basins when "in service" basin is above
"isolated" basin.

LB = lecakage between basins when "in service!" basin is below

"isolated" basin,
Since the time periods are equal, there is no need to udjust any
figures for time, The leakage at the sewer pgates will be %g x 5,000 galloas |

or 3750, This can be assumed to be 4,0C0 gallons for convenience.

Page 2
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During the first period when the "in servire" basin is lower than the
"isolated" basin, the lealage tetween basins will flow to the "in service"
basin, thus increasing the =easured amownt of leal, 4n equation can be
written to represent this condition as:

(1) A+ Lg = (L69,0® - 4,000) = LES,000 gallons

During the second period, the leakage betuween rasins will flow to the
"isolated" basin, thus decreasiug ti:.> measured leak. An equation to represent
this condition can be uritten as:

(2) & - LA = (202,000 ~ 4,0C0) = 195,0C0 ralloas

This leaves us two equations in three unknowns. However, L, and 14 can
be related to each other by using the fact that the amount of leakage is
directly proportional to the square root of the difference in head, The
average head durin; the first reriod was found to te 1.15 fret, while

during the second period it was found to be 2,40 fest., This msans that:

LA :{EA ~2.40
P S - 1051‘92 = l,hhhé
L, \(_'ﬁB NTI5  T.07e

therefore: L = 1,LLLGS L
A B

By substituting this into our original cquations ve get:
(1) A+ Ly = 1:65,000 f
(2) A - 1.LLLE LB = 198,000
Subtracting (2) from (1) yields:
2.LLL6 LB = 267,000
and LB = 109,200 jrallons
therefore: A = 465,000 - LB = 465,000 -~ 109,200 gallons = 355,8C0 gallons
This shows that our actual leakage from the basin during the 18 hours is |
probably closer to 356,000 gallons than to either of thr other ficures., This

figures out to be a!out 0.L75 NGD. '

Page 3 i
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The same sitvation holds true for the nerth basin results, Cur drop
over 16 days was 1,18 feet, which calculates cut to a total loss of 1.33L
million gallons or 0.115 MGDs From this we can draw the conclusion that
pur leakage from the north basin is somewhat less than from the south basin,
This can te seen also by noting tb? rlot of the two basins for the two perieds,
3:30 P.M, February 2L to 9:30 A.M.*}ebruary 26, and 3:30 P.M. iarch 3 to

9:30 AM. March 5, These two periods are on weekends from Saturday after-

noon to Monday morning., During both periods the "in service" tasin ou the

south was at all times higher than the "isolated” bacin on the north. This
was due to a combination of factors including the creaper weekend npumping
rates which allows us to pump Compton Hill full on weckends, and the very
low demand during those two particularly cold weekends. As explained previ-
oﬁsly, when the "in service" basin is higher than the "isol-t=d" basin, it
tends to feed the "isolated" tasin, thus decresasing the measured loss of
water, In these two instances,the level of the "isolated" basin actually
showed a rise, This can only be explained by redizing that in this case,

the leaskage from the south basin into the north basin must have been greater

£han the leakage from the north basin intc the surrounding so0il.

Two time periods were picked for calculation purposes, From 3:30 P.l.
of March 3 to 9:30 A.M. of March 5, the "in service" basin was at all tiwmes
apove the "isolated" basin and was therefore feeding it, The level in the
isolated basin rose 0,18 feet in L2 hours for a gain of 280,000 gallons.
From 10:15 A.M. to 3:30 P.M. of February 21, the "in service" basin was at
all times below the "isolated" basin and was thersfore taking water from it.
In 5.25 hours, the "isolated" basin dropped 0,06 feet, a loss of 93,000

gallons,

Page |
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The twe time periods are not equal so figures had to be adjusted to take
l that into account, If the basin lost 93,000 gallons in 5-1/L hours, it would
lose 7LL,000 gallons in L2 hours. During the period of loss, the average

head was found tc te 3,LE feet, The average head for the period of gain ivas

2.16 feet,
Let:
A = Actual leakage from basin

1 = Lezkage between basins when "in service' basin is zbove
A [ 3 »
A "isolated" basin,

I, = Leakage between basins when '"in service" basin is below
B misolated" basin,

Allowing 9,000 gallons leakage from the sewer gate for a L2 hour period,
the two equations can be written as:
(1) A+ Ly = (7LL,C00 - 9,000) = 735,000 gallons
(2) 4 - LA = (-280,0C0 -~ 9,000) = ~289,000 gallons
LB can be related to LA by the equation:
Ly 3.6 1.96011
— = = o ITB9%F = 1.2656
LA <42.16
therefore: LB = 1,2656 L,
Substituting into the original equations give:
(1) A + 1.,2656 L, = 735,000 gallons
(2) A~ L, = -289,000 gallons
By subtracting (2) from (1), the equations yields:
2.2656 Ly - 1,021,000
L, = 452,000
therefore: A = 152,000 - 289,000 = 163,000 gallons
n The 163,000 gallons loss 1s spread over L2 hours so it averages out to
0.093 MGD, Just as the calculations for the south basin showed, the calcu-

lated actual leak of the north basin, 0.093 MGD, is slightly less than the

Page S
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average measured leak, 0,115 FGD. This is because the "in service” basin
[ is below the "isolated" basin for slightly louger pericds of tiwme, during

which periods the magnitude of the average head differential is greater also,

In surmary, it is concluded that the south basin is leaking about 0.L75
MGD and the north basin is leaking about 0,093 MGD. The total leakage into
the surrounding soil is 0.568 MGD. If leakage from the sewer gates is included,
this becomes 0.578 NGD.

The condition found in the field is quite different than anyone imaginad,
It was expected that the north basin would leak much worse than the south
basin, but quite the opposite is true, The south appears to leak about L tc
5 times as much as the north,

Apparently, the water leaking out of the south basin has a natural

underground drainage system that allows the water to dissipate in the sur-

=

rounding parik soil without causing any damage. The water leaking out of

the north basin seemingly has no such system, because it is surfacing on the
the north sleope and causing sowe erosion oroblerms,

Both basins have been suspected of leaking for quite some tiwe. The
amount of leakage out of the north basin is quite a bit less than anticipated
though. I would conclude therefore that it cannot be any worse than it had
ever been for the last ten to twenty years because it is a suprisingly min-
imal amount now, In view of the fact that the south basin is leaking 5 times
a2s much as the north basin and is causing no damage to any surrounding slopes,
and since there is no apparent recent inecrease in the magnitude of the leak
from the north basin, it seems obvious to me that the new highway, I-hl, has
caused outr erosion problem by disturbing the natural underground drainage
system that we must have alwayshad, and reducing greatly the drainage area

near the north slope,

Page 6
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SECTION II

STRUCTURAL CCNDITIOHS FOUND AMD REPAIRS MADE

Nothing much can be reported about the south basin, It was drained
for only a few hours, which gave time for only a very cursory iuspection at
best, The flashlights used were standard Water Division issue, which were
not strong enough or bright enough to see to the top of the slope at the
walls,

There was not time enough to climb any slopes, just time enough for a
quick walk through the basin. It was made clear before the draining that
no repairs of any kind would be made to the south basin unless some severe-
1y drastic situation was found that needed emergency attention. Therefore,
the south basin was inspected with the purpose of looking only for some
kind of major disaster, None was found,.

The north basin, on the other hand, was inspected quite extensively,
Quite a few measurements were taken so as to provide a comparison for
future measurements,

The floor and slopes of the reservoir and the roof were cross-sectioned
by survey. In this way, we can check if any settling is going on., The
fioor of the reservoir can be checked ouly when the reservoir is drained.
However, if the area of any possible settlement includes a column, the
column must sink aleng with the floor. The rcof will then sink with the
column and this settlement can be located and determined by survey of the
roof, The advantage of the roof survey is that it can be done anytime,
without the need to drain the reservoir,

In two places along the west side of the reservoir at the foot of the
side slope, we found uplift failure of the floor slabs, Slabs were pushed

up along joints to a maximum difference of L inches between adjaccnt slabs,

Page 7

Chart 4-1%




Most of these slabs were also cracked, They appeared to be guite fresh when

?irst seen because the sides of the uplifted slabs and the cracks were clean.,
Over the rest of the reservoir's interjor surface was a thin layer of calcium
carbonate precipitate which covered absolutely everything. The absolute
cleaness of the slab sides and cracks showed they were very fresh,

The uplift had to be caused by external hydrostatic pressure. The
reservoir floor is normally under 20-32 feet of water, Leakage from the
reservoir apparently builds up to egualize the pressure of the head of
water, When the reservoir was drained quickly, the ground water could not
dissipate quickly enough outside, or back into the reservoir. With no
water inside the reserveir to neutralize the external hydrostatic pressure,
gome floor slabs were pushed up and cracked in the process. Apparently this
%a%_enough to act as a pressure release mechanism because only two such
plg§es were found,

The same draining procedure was used this tire a2s was used in the fall
of 1970, The sower gate was openad all the way and the water was allowed to
drain out as fast as the 20 inch sewer could carry it away. This takes 36-L8
bqurs.

An interesting question can be asked at this point., If the reservoir
is not leaking any more now than in 1970, (which is a conclusion drawn pre-
viously in the leakage discussion), and if it was drained in the same manner,
&ery quickly, then why did we not encounter uplift problems three years ago?

I believe the answer to be that the new highway, I-Ll, has disturbed
the underground drainage and does not allow the leakage water to drain away
as it once did, This in effect, dams up the water which collects in the
soil surrounding the reservoir and builds up hydrostatic pressure equal to
the head of water in the reservoir, iVthen the reserveir 1s drained quickly,
the hydrostatic pressure cannot dissipate quick enough and the resulting

difference in pressure causes uplift.
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It was recommended by Sverdrup and Parcel in their rejort ou Couwptoen
Hill that the reservoir should be drained at the rate of 1 t-» 2 feet per day,
After filling the north basin for the purpose of chlorination, ve drained
the basin at a slower rate. Since the basin level fluctuates commonly
between elevations 175 and 186 daily, it was felt that we needed to drain
slowly only below that level, It was drazined quickly down to about 175 and
then slowed, We felt we could do the remaining 2?1 feet at a rate of li feet
per day. This was done.

We were allowed a few hours to inspect it between that draining and the
filling of it to put it back in service. Ue found cne place near the cenfer
of the north wall at the foot of the slope where uplift occurred again, Ap~
parently L feet per day is also too fast and next time, it should be drained
at the recommended 1 to 2 feet per day.

The uplift found after chlorination was not reraired in any way because
the basin was urgently needed to be put back into service for the summer,
The other two places found after the first draining were repaired,

At both locations, shovn on Drawing #1532, the 3 inch upper slab was
broken out and hauled away. The water proofing rermbrane was scraped off
the lower slab and thrown away also. In one spot the lower slab was also
cracked and a 3 foot by 1 foot section was removed,

The base beneath the lower slab of concrete is macadam, It was found
to be moist but seemed very solid and stable still, The small hole in the
lower slab was then filled with concrete,

Vle put down a new waterproofing membrane to replace the other that was
removed, Materials used were polyethalene sheeting, asphalt impregnated
cotton fabric, and a tar based sealant. The sealant was spread over the
cotton fabric with trowels., Four layers cach of the cotton fabric and seal-

ant were put down to form the membrane. A single sheet of polyethalene
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sheeting was put down on top of that to insure that tha frssh eencrete penurad

above would not mix with the sealant in any wiy,.

New concrete slabs were poured over this membrane and new expansion
joints formed, This was done by using boards of the desired width as forms
for the slab, Before the concrete vas ccipletely set, the boards were pulled
out leaving openings between slabs, After the concrete was set, ethafoam
rods were forced into these joints as a filler material., A waterproof expan-
sion joint material that bonds to concrete was applied with a caulking gun
to complete the slab repair.

The division wall apoears io be in sound structural condition, There
was water leaking through several expansion joints and cracks in the wall,
While they did allow water to pass through, the cracks do not appear to
effect its structural capabiliti~s. %hen the weather got warmer and the
water in the other basin got warmer, the wall, through thermal expansion,
began to squeeze the cracks and expansion joints tighter and the flow of
water leaking through slowed noticeably,

The sluice gates in the two gate chambers leak a 1little bit, also, but
they do as good a job as can be expected, considering their age and infre-
quency of use, The sewer gate leaks pretty badly when the basin is filled
and has to be caulked tefore the filling to hold this leakage to a minimum,
The stem is sliphtly bent from the effort of trying to get it to close
tightly.

All together, between the cracks in the wall, the expansion joints, and
the sluice gates; there is quite a bit of water constantly flowing into the
basin, The only openings, when drained, are two manholes; the sewer gate;
and an overflow drain, As a consequence there is very little air circulation
in the basin and it is always 100% humidity in there, Moisture is constant-

1y collecting on the ceiling and then falling down in droplet form, The
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basin would be very difficult to dry out unless additional holes were cut .
into the roof to allow forced air circulation with large fans,

The slopes were all in good shape, In some places, though, the joint
material did not appear to be in good shape. In others, it looked like the
pltch material forming the waterproofing membrane had been squeezed out
through the joints, It gave an appearance of having flowed out of the joints,

The first expansion joint south of the northeast corner running up and
down the east slope had shown separation. The asphalt expansion joint
material was still in the joint but the slabs had pulled apart about 3/k
inch, This was the only joint found that showed separation, The old joint
material was cleaned out and the gap was stuffed with ethafoam rods. The
samg sealant was used here as was used in the floor slab replacement.

The north slope was gone over very carefully, along with the first 120
feet of the east slope scuth of the northeast corner. All joints that did
not look goocd were marked, These joints were chipped out with chipping
hammers to make a clean surface for new joints., Asphalt expansion joints
were placed between slabs and the rest of the chipped out spaces were
filled in with Embeco grout.

In some places, there were openings between the slopes and the vertical
wall at the point where the two meet. As a general rule, these gaps vere
bigger near the northeast corner and only hairling everywhere else. These
gaps usually occurred only on slope slabs that had columns sitting on them,
Adjacent slope slabs that did not have columns sitting on them exhibited
only a hairline crack at worst and usually nothing at all. It appeared that
the slope slabs were moving away from the vertical wall and not vice-versa,

The entire north wall and north 120 feet of the east wall were checked.
Where the gap appeared worse than just hairline it was chipped out and

filled with ethafoam rods, The same sealant used around the floor slab
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repairs was used in this gap as well.

The vertical wall is still in good shape structurally. It needs no work
done on it on the inside,

It is spalling badly on the outside though, The spalling occurs because
the concrete wall absorbs moisture from the basin, The walls are constant-
ly saturated, and the freezing-thawing cycle causes the spalling. The walls
were worked on by applying a coating of gunnite in 1960. However, it is not
the gunnite that is spalling off now. Thin layvers of the original concrete
beneath the gunnite are spalling off and the gunnite, still holding tight,
falls with it.

The roof appears to be sound and should be alright as long as its not
overloaded, It should not be loaded more than 30 PSF.

The outside surface of the north basin roof had been tonped with about
1-1/2 inches of mortar in the late 19L0's. It is in very good condition
with very little spalling in evidence,

The inside surface shows some scattered spalling. 1In these places
there are reinforcing bars exposed., The roof beams in general looked good
but they could not be inspected too closely, We did not have the opportunity
or time to get a ladder in for such close inspection. As a result, we
looked at most of them using a flashlight from the floor 35 feet below. The
ones near the top of the slope at the edges of the roof allowed us a closer
look, There were a few of these that showed cracks but that could be attrib-
uted directly to other causes. The others that we could see were in good
shape.

The most obvious thing wrong in the basin were the columns around the
edge of the roof., Since these columns are built at the top of the slope,
they are much shorter than any other columns. They are 7-1/2 feet high at

the wall and either 9-1/L feet high or 12 feet high at the end furthest
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down the slope, (9-1/L feet on the east and west sides and 12 feet on the

l north side). Because the columns were poured abutting te thie vertienl will,

l allowances had to be made for expansion and contraction of the roof, Other ;
columns are tied in structurally with the roof and these columns are free
to move with the roof at the ton. However, the columns at the edge ave re-
stricted by the vertical wall, thus expausiou awd contraction had to be

L taken into account,

L A 12 inch wide brass plate was cast into the top of each column. A 9
inch wide brass plate was cast into the bottom of the roof beams where they
rested on the columns. The two brass plates in contact are supposed to

slide upon one another and allow enough small movement to take care of the

» thermal expansion of the roof,
i As seen in Figure 1, the roof expands and contracts in all directions
frum the center, (although it is not shown, it expands and contracts in

- thickness, also). The coefficient of thermal expansion of concrete is

6 x 1076 per degree F, Therefore, at 95° F in the summer, our 500 foot long
N roof is 3.6 inches longer than it is at -5° F in the winter. At a column

near the extreme edge of the roof, such as Column D in Figure 2, the roof

and its teams under these conditions would move 1.8 inches on the supporting

couluma between its largest and smallest sisze,

Figure 1 shows the directions of the horizontal forces that the roof
exerts on the columns during expansion and contraction, Figure 2 shouws these
forces broken down into free body diagrams for three various positions. At
- position A, the line of force is at L5° to the wall; at B, 60°; and at C, it 7
f = is perpendicular to the wall, At /., the component of the force perpendicular
to the wall is equal to the component of the force parallel to the wall. As

the force approaches perpendicular, as in B, the perpendicular component of

th.e force increases and the parallel component decreases. then the force is
perrendicular, as in C, there is no parallel component and there is no force -

zn the column to either side.
Chart 4-21
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The total displacement or movement by the slab is greatest at the
corners, That is because the diagonal distance to the corner is greater
than any other. Such movements are not on a seasonal basis from summer to
winter, They occur daily, As the temperature rises or drops even a few
degrees, the roof slab is expanding or contracting.

In our particular case the brass plates are supposed to allow the expan-
sion and contraction movement to take places The columns are supposed to
resist movement by being connected to concrete pads that run up the entire
length of the slope. These pads resist the moment caused by the application
of forces at the top of the column by the roof, If everything is working
right, this amount of resistance is greater than the friction forces between
the two brass plates and the brass plates then slide upon each other.

The conditions found in Compton Hill indicate that our brass plates are
no longer working as well as planned. Columns around the edges are leaning
over to various degrees As explainec previously, the columns at the extreme
edge receive the most lateral force, The columns near the center, the ones
closest to the perpendicular, receive very little lateral foree, As can then
be expected, the columns nearest the corners lean the most, In Some cases
the column appears to be as much as 7 inches out of plumb, Near the center
of the walls, the columns still appear to be very close to plumb., The
further from the center of the wall the column is, the further out of plumb
it is,

The columns do not lean out of plumb on a haphazard pattern. They all
lean toward the center of the wall. This tells us that the brass plates slide
alright while the roof is expanding but bind up during the contraction cycle
and the contraction forces pull all the columns toward the center,

In all probability this has been going on constantly since the roof was

put on, However, the condition seems to be worsening rapidly. When the
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reservoir was drained in the fall of 1970, it was inspected then. All

inspection work was e by Water Division personnel. I talked to two workers
and one supervisor who had been there in the fall of 1970, Both workers
saw the present conditions and the surervisor was shown sli‘~s of our present
conditions, All thrce had climbed the slopes to inspect both corners, where
the columns at present are furthest out of plumb, All three wmen told me
that they noticed no columns out of plumb at that time .nd all three tell me
that they would have noticed the columns leaning if the columns would have
teen as far out of plumb then as they are now,

The fact that nore of the three men noticed the columns out of plumb
leads me to believe that most of this movement has taken place in the last
two and a half years:s The columns may have been just beginning to go ovt of
line then and no one would have noticed that, However, once scmething like
this starts, it gets progressively worse, The more the column leans, the
more the brass plates tend to bind up, and the column will be movad ar even
greater smount on cach successive cycle.

At this point T began to wonder if there was any relatiornship tetweszn
our problem and the construction of I-Ll. It seemed strange that all this
novement would occur since our draining the reservoir 2-1/2 years ago for
the highway construction., /s yet, I have found rvo correlation between the
two facts, Since all the damage can be directly attributed to exmansion and
contraction of the roof, it appears to be just a coincidence that they occurred
torether,

There may te some structural trouble if this is allowed to continue as 1
is, Some of these columns are not far away from leaning so far as to zive no :

support to ends of some roof teams, If this happens, therc may be some local

failure of the roof slab in that location. This situation has been pointed

out before in the report on Compton Hill by Sverdrup and Parcel.
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The soils experts at Sverdrup and Parcel tell us that any settlement
along the north slope due to the highway construction should be finished and
any more settlement will be very minimal. With that fact taken into consider-
ation, I agree with the Sverdrup and Tarcel rernort that correcting our problem
with the columns should have high.st priority., These columns must be plumbed
and repaired, To avoid the brass plates binding again, some substance should
be found that can act as a greascless lutricant between the plates, for
example, a substance like Teflon,

Other columns in the basin also show the effects of expansion and con-
traction, All columns, except for z very few near the center, shcw tension
cracks, These are caused by the expansicn cycle, Every column, except the
previously discussed perimeter columns, aie tiel in structurally with the
roof slab, Since the two basins are covered by two individual roof slabs,
the center around which the expansion and contraction take place lies direct-
1y over the center of the basin,

As the roof slab expands, the top of each column is pushed in an out-
ward direction away from the center, just as the arrows in the expansion
diagram of Fipgure 1 point, The bottom of each column is held firm and dces
not move, Thlis has an effect of bending the columns away frem the center.

Because of the effects of thermal expancion, the greater the distance
from the center the column is, the further the top of the column is pushed,
Near the center, the columns are tent very little and no tension cracks
show on any golumns, However, only a short distance from the center, the
columns are bent enough to cause tension cracks in their sides, Concrete
is very weak in tension and logically tension cracks would be much more
prevalent than compression failures,

All tension cracks appear on the inside edre of the column, that is, on

the edge nearest to the center of the basin, At the columns furthest from
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the center, near the NE and MW corners, some localized compression failures
have been found, also, The columns have not failed; just some small areas of
the column show a flakey, rose petal type confipuration typical of crushed
concrete. This crushing is found only near the corners on the short columns
half way up the slope, and are on the side of the column away from the

center of the basin, The longer columns at the floor level can take the

same amount of movement without crushing because of their much greater
length,

Most of these tension cracks appear to bte only surface cracks that harn
nothing, However, mcny are deep enough, 1-1/2 inches or more, that the ra-
inforcing bars are rusting out. Reinforcing bars are also rusting out of
some of the struts connecting the columns. The rusting is not very exten-
sive and is not critical at present,

At this time, the structural repair has been given priority over lining
the structure. This is the only way to do it because there is neo lining
product on the market that will hold the reservsir to-ether if a failure
should occur, It is test to do the structural repairs now and line it later,
Before lining takes place, the reservoir should be grouted to fill rossible
voids beneath the structure and guard against any possible settlement probiems,

Lining the reservoir will undoubtedly stop any learage problem we have,
It is, however, very costly., There is one beneficial side effect worth
mentioning that would result from the lining job that would save us money in
another area involving maintenance, That is the problem of spalling on the
outside walls. As explained before, the spalling is the result of water in
the outside laycrs of the séturated concrete walls freezing and popping the
concrete off., This will continue .o happen as lons as the walls are in their

saturated state,
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If the reservoir were lined, the walls would eventually dry out and
only normal weathering would take place, as in any ordinary concrete struc-

ture. The wall would have to be restored one more tire, after a period of

time to allow the wall to dry out,

The walls of Compton Hill are not in good shape now, and will need
restoration in the near future. The last restoration job was completed in
October of 1960 at a cost of $123,673,95, only 13 years ago. The walls
would have to be restored one more time after lining, but after that, the
spalling would cease,

One thing should be pointed out and that is that present plans are to
line the north basin., This would stop spalling on the outside of the nurth
basin only and would not affect the spalling on the south basin, To stop
the spalling everywhere, both basins would have to be lined,

When the opportunity occurs, the south basin should te examined more
closely., The same expansion and contraction that has caused us structural
problems in the north half, has been occurring in the roof slab over the
south basin also, It's possible that the brass plates have not been binding
and have not pulled any columns over, but its just as possible that they
have, On our cursory inspection of the south basin this spring we did not
have the time or equipment to check this, even had we known enough to look
for it, I cannot say at this time what condition the perimeter columns of
the south basin are in. Therefore, they should also be checked as socon as

possible.
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SECTION ITIX

FOOTING EXCAVATIONS

-

1 A series of excavations were made to check the conditiou of the footing
beneath the vertical wall, Their sizes and locations are shown on Drawings

#u532 and #4533,

The first four holes were dug while the north basin was still drained.
They were located along the north wall at distances from the ncrtheast -
corner of L0 feet, 130 feet, 2LO feet, and 350 feet., !le found a space be-
tween the footing and the soil beneath it, Apparently, the dirt has settled
away from the footing. The space was 1-1/2 inches in #1 and lessened grad-
ually in the four holes to about 1/2 inch in #L,

Excavation #1 and #2 were tunneled back to the steel sheetpiling, which
is about L feet back from the edge of the footing., The steel sheetpile was
cast into the footing at a location of approximately 1 to 1-1/2 feet outside
of the exterior swrface of the vertical wall. Only the top 2-3 feet of the

steel sheetpile was exposed, It seemed in good shape., The footing in exca-~

vation #1 had a vertical crack in it and one concrete pile had a tension
crack in it. Both were small,

Because of the cracks found in excavation #l, we dug two more holes,
Both were 10 feet from the northeast corner on the north and east walls,
They were also tunneled back to the steel sheetpile., No cracks were f{ound 5
in any concrete piles or the footing, but a small hole was found in the
steel sheetpile in excavation #5,

All these excavations were left open until the basin was filled, The

f1lling took place over a weekend and when we returned that Monday morning,
all the excavations had water in them., The water level was half way up the

footing, approximately at 177-178,

Ve tried to pump them out but water kept flowing into the excavations
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on the north side from the east. We began to use a second pump, It was

L |

placed in the excavation on the east wall and the other pump was used on the

excavations on the north wall. Water was observed entering excavation #6

VN

from the south side along the underside of the footing next to the steel
sheetpile. While the pump in hole #6 was operated constantly, the other

; excavations remained void of any water or water flow. The flow out of the

pump in hole #6 was estimated at 55,000 gallons per day.
. No water was observed flowing out of the hole in the steel sheetpile in
hole #5, 8o excavation #1-#S were backfilled, Excavation #6 was kept pumped
- out during working hours, but filled again every evening,
We decided to investigate where the flow was originating, if possible,
* To that end, excavation #7, #8, and #9 were dug., These were each backfilled
. i in turn before digging the next one btecause the water flowing next to the
| steel sheetplle just beneath the footing was each time observed to flow from
; the north,
The excavation labeled #10 was actually just an enlargement of #6. We
d found the source of the water in this one. It was an approximately round
hole roughly 2 inches in diameter located 17-1/2 feet from the exterior
surface of the vertical wall of the northeast corner, It was about 6 inches
. below the footing. An estimated 95% of the flow was coming from this hole

while the other 5% came from the south, (the same as was noted in holes #%-
- #9).

We kept this hole pumped out by running a small gasoline pump around
the clock for two days. The flow was directed down the steps at the north-
east corner and flowing away from the north slope. During this time, the
north slope dried noticeably and the flow of water across the sidewalk was

- stopped.
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We concluded that if we stopped the flow of water out of the sheotplle

that we would have no more problems with the north slope, and could save the
money budgeted for the lining., It was felt that piping this water away to
the nearest sewer could lead to bigger problems, The water could carry away
small particles of soil from underneath the reservoir and cause unwanted
settlement or collapse,

it was decided to try to nlug the hole, A wooden plug was driven into
the hole and a quick setting mortar was applied around the plug. When checked
the following morming, the excavation had water in it, After pumping it out,
it was observed that the plug was holding and was watertight. There was a
flow of water coming into the excavation from the north side, where previously
there was none,

We re-excavated hole #5 to check to see if the water had taken a slight
change in path and was using the hole in the sheetpile observed earlier in
#5. It was not. No water was coming through the sheetpile at that point,
We than plugged the hole with quick setting mortar anyway. Water,
was flowing along the sheetpile beneath the footing and was coming from the
wast, where previously there was no flow. We then backfilled #5.

We decided not to pursue locating the source of water any further, We
felt that no matter what we did, the water would find another way out,

As long as we had the equipment on the job, we excavated in other loca-
tions to compare them to our trouble spot at the northeast corner,

Excavation #11 was dug 30 feet north of the division wall. A gap was
found under the footing that measured 1-1/2 inches. No water was observed
flowing anywhere, but we did not tunnel back to the sheetpile.

Excavation #12 was dug 30 feet south of the division wall. As the hole
was dug below the footing, soil began sloughing away from under the footing

and water was seen coming into the hole. FPFurther digging under the footing
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exposed the end of a very rusty 6 inch water main., Water was trickling out

~—

of the end of the pipe and also out of the pipe trench surrounding the pipe,
' 1 The pipe was running parallel to the vertical wall, under the footing in a

northerly direction towards the east gate chamber, No further exploratory

work was done,

Excavation #13 was dug at the east wall, 10 feet north of the southeast
corner. A gap of 1-1/2 inches was observed beneath the edge of the footing,
but no water was seen, The hole was not tunneled back to the steel sheetpile,
Excavation #13 was backfilled after observation was completed as was #11 and
#l12, Ue felt that further digging would not produce any new ianformation so

excavation investigation was halted.

i e T em L
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any grouandwater.  Hows ver, Dnocde correr o0 D0V owhon che rocervedr o lack
in service, wu e ot D R ey Lorrieed o vy ey 3
continual secuapsc of vater st the eastern wart o0 Lo nio P

following year & oli b wiipn o coone D o i Slepe (B Lo Sl sunoresbirated

~undition.

between the oxintins pantile core sud o orooerue Iy Poroetiv s (e e
Tivision I & O Voo LWELE, File Ll This ronorn Seals vithoa cveiv nade
to determine the elfffcoiivoneae of h e crain and comen oontly the ot e o
Li.e nortn osoope.
PG Q8 ANALYLIS

Three diffvrent techoingos o red Yoonund cve e sleve,  ivst, oo

arranpgerent of sover plecometers was Ivoialled te

These recdines refleoct the oectivenese o0 the BF Droneh DTrain in

1

sroundwator Level

the water vetore 14 0 uo Lie o beeogmecnnd ghen wvas teo colloct oonrles
. ; 1 Lot oanrles
of the wober flowing fros Lhe 2% owed 10" drains, L osenle was aloo ot ined frorm
Lo reserveir Mven o sarnle s were Lion tostad Tor o otobal sojide ana ) R I
e reserveir,  Coees o sareleos owere then Lesteod for otobnl gsodic it b ressite of
the sanoles frem the drains wore corpared to Cho reserve v e, T vg dane

toe check the efficiency of the Citterine suvsterm aroad the draies.,

results of these tests alonpe with the fhow mesgurenents (resdines Yan te

\

deturmine Lhe quantity of water fLowine throoph the draing) Uhe ammime o o i

being yashied away can be caloulated,
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With the data outaioned Srom She ch oo o s Toaped peone are gt ape e e g

interncl conditions ood/cr etaniiity O e ot w oo can T dee et

A comprehensive Vist of e odaln b alaed o et sty Do Do hinihod gt the

end of thic report in Tables 1oand 2.

SCIL CHARACY

In ovder Lo bettor andercland it oxplain oy e rulen e oty ox st ong
it does, a deseristion of Lthe coll clrpaoteristics 1o cegsary,
The tyre of s011 was roal ized durin Lo Inactallat ion ol 4 s dvuer tere
f N N [SRD SN
It was described by Prucker & Sosociates as o elnc hoxtre el oo B <

references. Lt ig desariiool o vavins cose. o7

properly ccnpacted it her oo b len oy to o ey iy o e e the s 0L L

much of its stabiliby. e dralnege cnovvecterisulan narve soor o trnot Ly
impervicas deponding on cooractlon anc oo il e
Vith these Lwo projertiecs snoam e aualvels of the ol Do oo e loaror,
AUALYRTS C RO LI
The of e road P S st Y e, dn e Bureer
- . 3 i
of 1971, Tt de cafo to oascre Yot 1 oy cOoret o cemar rrior Yoo thie coen- ;
N |
struction of Il cime e e it Calilre arrereeb with g ove vear aftor - 1-

ing the reservoir.  That i5, che roserceir hag beon Loatios foroneite come tine
as reveatled o o poagace reort Cone da L0 st o geepare was notiood ntil

atter conctructios of Tonli, Mo oheons o 2T e o L Ut Yy ranae

congtructicn, o
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' The existing soil has very poer driqaase procerties aod when oon it is
> J t - -
-
practically impervious. Therefore, wot v wiol ooy o channael its vay throeush .
-
- inconsistances in the seil,  This ot enn feogirrorted b the Ohed Lhat Gurings

installation of one of the ploropters water var cocauy e d g dorshe o0 100 gnd

1 sl

The possibility cxicte that Jdarie - o~ rion, eequne F S Legrine or heavy

equipment operaticns on Lhe clopey b e e bt by de e e ol the

existance of Lhe reservolr wore ool s vin s D lnnoe oy comyaetion of Ahe eoil,

Conseguently when the yeserveir wae refiiled

in this instarce channeled ity way e e carfaeo,

the source ol Lier lochaee. Therefore, e 0070 Dooeeds Drades wae loetalled wddaeent

to the reservoir.

TV R

l‘..u\‘.‘} Daewd o

TY. - N iy F S T B B S, e e - . R .
The L drain was fostallod o the Sorine of 187300 Uide coured the cario e

] The selution to his protdem wallld oo Lo roovide oo Y oomerde channel” noar

of the slove to dry rather auickly

relying purely en”the surface cond 980 O saw fhe  ronion, war

unsubstavtiated. o, to further cxplose the cube rifuea, covin tlicn moterg v

l installed on the torih clope fo Seril, J6VT0 0 LU s Ui of e bt ety

. balf of the resecrvolr woas eatn Gralted 5 e o0 renaire el s e, AT
. :
!
piezometer holes wore dry durine oridling oot ot sdtn s len axeept Doy w0t wieh

l secpape was noticed,  The senree muot oo been clthor aonoodet ol wuter oy e
held by the "impervious™ coil or oa Meboeosb of wstor" sto
of the basin. The seepape Jound 1o this nole supports the soil charac's ~ ciics
nenticned vefore.

On May 15, 197% anproeximately five Gt o8 sy wne o taee T e ety
half of the rescrvolr for clovinanion paroooses, T cjrrr o ters o re rond oaed all 4

4

woere dry excoot Sor AP0 The reroreadr ow e PO g the Pt u ek v the Tirst
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day water was {ound in sorme o1

| WRUWER ST R S

T othe

oLl

wr

Laties, crenoLers were menitered

periodically an! the data obtalned iv vun s Tande 7 neowatey Tevels Tlactiaoted
but seemed to remain stable with no larpe changeer,
To further analyze the dutn talin Lhe rhoar ol e odrecs wity Yo
_] outlined. A plan of *tu P b Tocnticn of e e
elevations is o | Trwnery aon Tlboer ol Crrciv oo, Lol
‘] Lottom elovitions ore at okt Tor o3,
,] Using this thor crGltogte patblorn oy v roalle ol Cloaling reeE
'] elevaticus shown and =orbtin s a0 o noind aroun o [ Locan - cearn f + e
' would Mlow touwards the norcher avbont nerte poednt bobwe o G niemoretey
] rouvs change Jdiroction aud Jlow coutd S L ; el Lo vor, fhiag
this will cnly hoeld trae onoo the waiter teoirees ant he perritted
_] to gradually ccep thru ‘e silly clov soil, Ohanneld oty otillosmlisy chove
] the actunl proundweater lovel wiiclh is vuo o are o e taappenice around pio
~l The data obtalned pa: Slvosa Lhe droionpee poabtieorn rentioned,  ‘Water
ul";'xmsTfound ‘o Dvpiter o renorvolr wing 4Loonly nrpeared
in tube 6 after the wiler dever inoal o at oo s eax rer o sbhoat aoueek, Clien
.i the Yevel declinea Do 07 18 cooiined T S B tortally dey. Adiioe
. to this, the fact ot fote “0 ¢ ARt Lerooa Arhor cabe 4004 , L
I enly possiblio conelunl. TRt b srney o aeoin Lhe nertheoastorty
-
Jirection,  The dirceti of Yot oyt a0 e roar LY onmoh he .
arrived at with the availanle iata. Corore concern bevey Lovever, i the

elimination uf ‘he proundwiter

"actual" prourdwater level .

is performing well.  [The term

o

4

"ehananel of vater

*
plotted,

oy i
A

lows throeagh tuhe

From ti.

1

ual'

data ond Lhe drawing on vhich the

can bo seen that the I Prench rain

2 oueed ecause 1t owas assumed that

a

s0 o rendings obtained vere net true
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‘ proundwater levels, and tihoerfore, wiis daona wnoo ot e
§
The " drain is interceptiog "l ey a0 e o B L A P
X
cere and the oroucduent.or ooprceably o ety et Lot s
5 itself.  Siuce this sl overy Bl lodry sl b e e et e C ey
J 1t dry, tho clope itu very stable fror o oo B R Y LI T SR EE I R T L
| remaine as Lo the officicney of UTiors v Dol v srvnen Tretae 0 L e e
A
are wasthing away the shope LU vt e crne Do n v T e e ey T T
tests were run Lo delermnine wheely CRlteriog ot il
] The samples oblalned from both she LY oand e T s ine coge S
susoended solids, sz could rendily be o cenn by cleznl fnerection, Thorofire, e

total solide are actuslly murely divaolved oot

Fluctaation o2 the total ol ldr Sn e wnter el o

PR Y

the recervolir, s

develop a pattern,

could stil? not e determived.

decrease in the total solids ceatent of 40

day to day basis. Co the oher hand, o
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elevation increasaes op dersreascs e Cionr Sy e draine ddoon AT |

Jrainge sod o Sren Lhe reron oo b e ) Voot bhe wie) cni e
af the culids. The resulis of U onales areedlocmged dn e ol oo cecticn,

ey i Tt aapee Srescaee mesa e e g i
CONGLUS TN AV ROCSM AT 00l

ALtvouph 16 ds mot oo osible e ook at e Tt srtain o and arrive abon

deflinite conclusion coraern et ot
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o
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IEATEE N

relativact ips can st e Trom She et Do vhen oy
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NOTES:  Total Selide Teost Reoulty From:
tain Of Rocks Lab,  rorsula For
Joverting To Pounds Per Day:
. Pounds/Day =, (Difference in Total Solids) z
(8,305 x 1077) % (#Mlow (pal/lday)).

M tference #/day
1te Timo Total Srlids (310 Flow (1al/dny) (+) leposuited; (=) Disrlaced
I 180 N 1o 1an e

/30 9.00 213 305 on 3
/3 9:30 2l 301 2h?
7 1:30 224 303 03

10 1:00 231 299 276 ‘
1l 10:30 28l 249 Ny 9 R0 +11. 20 +1.23 +12.55
N7 11:00 277 13y )3 CHREE M e _ A + 3,09
/24 2:30 299 3 6 9 A5 12,07 +0,00 £
/28 2:30 319 3he 373 7,621 U #1.78 + 7.53
/1)1 2:30 361 351 374 Boahg + 3,09 +0,78 + )., 07
an 11:L€ 3 37y 370 TR v ~7,39 + 5,00
i 10:L8 353 336 s £5006 + 2.0l -1.29 £ 0.0
a8 248 153 3T 3 R, 1.70 -0, %0 + 0.82
2 15:05 216 353 33 N, 3N 3.0 SARES + 2L
11 3130 RIS N6 200 NTRY - 0.9 e -11.35
20 11:00 317 301 20 ) 1.0 ~3.50 -1k,
37 9:20 310 20y DR - 0. -2,k - 5.A
)/ 8 .0 310 353 3 - 0,07 0,54 - 3,12
SYARS 10: L% 300 332 aTo - 3.23 -3.1% - A
)22 11:00 27 153 DA SRS 100 1,29 - n0n
/25 2218 207 N d¥s Cyun - 1.t - - 0.7

/5 12:70 300 a3 B 6,182 v 3.93 ~.?3 + 3,00
1/21 2: L5 N6 3311 R 7,202 AN oLk - €.13
2/l 2:130 26 3713 315 12,109 0 21,33 - 1.83
VAN! 200 292 7 o SRt 0 TR - N84
EYaY 10:00 300 30 o) O L9 _ f0n R 30,08
n/23 14 1Y a0l “10 ), 000 - U0 Tk _ 1L
RYis

iy 4G °A7 AN 2o 17,706 R + 1,07 ) Bttt + 000
/12 :0 2746 311 2770 15,009 10,2 0 -9 BN

fad :h 231 Lo | 1,119 10,709 + L0 +1.7 + 5.9

/e 0 325 oo 4 13,933 10,708 -7 1 + 91

e : 213 300 o3 19,377 12,372 o -7 A - 2.0

36l 1,20 301 14, 36 R,702 - 0.3 -6 -
50 219 hn 17,008 12,311 <1277 +0.27 +1
333 Loo KR 17,421 19,93, + 2.0 =7 -
223 267 284 17,793 9,134 + 0.3 1.0 +1
23¢ Il D73 16,701 7,013 - 1.0 -3,y -
{0 9:30 361 ERE! LU 17,551 10,rM A -3.5 -
o]
1

.
o 7

Yo REWELY RN
)

S SR
JURRLE)
=
—
NN OO~ w i e o
AN d

y—t

Sl endians

,
.

NG 5:00 38 34 113 10,963 vLAT + 2L 41.3 +

.90 W3 305 113 18, 7,770 - 1.7 10.5 -
I? 830 399 113 S Fo, 406 10,130 -~ 8,00 +2.5, -
' 815 379 3 13 IR 11,11 - 2.0 +0.9 =

f3 SN = g RO
« e .

FOIES A TG - RUE RIS EE A SUAN
(RN
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Time

Dl feronee #/day
spositads To) Displas
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Tota) Solids () Flow (o
b 1se :

)

RIAS

ﬁ:} W5 10,085 + 1,32 -1.19 + C1
292 106 A 17,009 - Y 2.6 3.
qnc 33 - C a5 T T _
325 333 300 14,717 - 2.9 - UA - 5.7
Nl R IS ’
105 0 7 19,706 - 7 -1.6 - 2,2
272 A5 S 1,209 0 -3 -k
21 B i TS St .
e \1“ ) 1oLk - 1.6 -, - 2.3
30 3o 0 Vi, ‘ % 3 }
BN - . ] ’ . - . —,/.3 - P
dyl QA T, w3l v,!.',-“l - My K, s
7 K s ’ R - . - L
285 300 s 11,551 GO0 - 3.l 1.4 7.
[ LR} - - 4
334 13! 200 17,008 P oD g ;
> ' 5 - 1 . = a0 -l
fdﬂ 523 1 I v b LR + 70
314 Y 10,200 - -hle -1y
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TA 2
! GHOUND WATER BLEVATTONS 0 2D S0ery 0 COMy Tl BEDNvOTR )
NOTR: e for Lo the Urowing tor the
! Location »oF Lhe Tiovomeilery

Hte Time Pieogoreter Tuose Noe, Remarks

‘ _ 1 2 3 I “ 6 N

10:30 Dry 132.3 Dry Dry Ty Ui Ory Zeservair emr
3:15’ n 132.,2 " 1 1" ti ti Loprox., f_il of
10:10 n 131,98 " " i " " in reservoir
3. 30 " 1 _‘\O.r; n N 1 [l H Wull reservol
8:50 130.2 136,07 " Y " " 12,9
10:20 u 137.h " 137 " " ARILRY
1:30 " 17,5 " 1320 " t 1hA.2
Q.30 1 1] " t 1 - 1 ])1(/‘.3
Q: 00 130.3 137.1 " " " " 1hl.1

3:15 130.4 " " " " " 1.0
9: 45 130.6 n " 1301 " L 149.3
10:00 130,8 149.0 r " L " !
9:20 131.% 1L0.1 " 132,05 " . 5.8 1
131.9 " " 132.6 " 137.1 ke, 7 :
10:30 132.0 139,05 " " " Lry 18,5
: FR 1hh.3
139.3 1.2
) ' 3.8 14,7
2:30 131.9 139,22 " 1376 i Nry 1hl.o
39,0 130, 1501 1.6
10:30 131,01 129, L " 132,2 " 11.1.0 1hh.1
120K " 137,40 n L " 1500 1h3.k
; : 10,8 1L7.7

2030 " " " 13,1 L 1149.9 11,6
2:70 131,15 1:8.13 u U 4 14,2 "
11:45 ° 131.3 133,70 n 130,70 L 139,9 13,0 :
10:45  131.h 133, 3 n 1101 X 120.8 1426 '
2.y 141.5 17,0 " " 139,58 111.9
11:1° " 1377 K " 15,0 1h1.2 *
10: L " 137,73 n IR ' 1137.¢ 12,0
9:30 131,6 " n 1L L Lr 11,7
11:00 131.5 137.0 " o " " 11,8
9:30 " 1,9 " o s . 1.0
)i 00 131,56 137.0 L 1500 L " 11,3
1():!15’ " 13'3..‘. " 1130 I " ihl.1
11:30 131.¢ 120,00 n 1503 g L 1.0
2:1% 131.h " n 1471 " L 1.5
10:30 L 135,49 n 130,53 L " 1011

2:30 " 136.¢
2:00 131.?2 )RR TR
10:00 " 1.1 “ “ “ Hos, lock frozern
1:0:5 131.1 12,7 " 11,9 " " 1510 auldntt set IR

2. LS 131.5 134,13 n 112.'.’.;’1 " 1 1.3
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te Time
1 2
Y16
/T 10:30  131.0  135.5
2 2:L5 130.5 13h.4
10: 30 130,k n
2:15 " 135.1
2:00 " 134.0
3:30 " 135.L
h:OO 130.6 1350q
2:30 11 1]
Li: 30 " 135.4
“L:15 n 135.1
11100 130.5 13L.Y
)J:OO " "
3:18 " 13k.6B
3:30 130.4 13h.5
1:45 " 134.4
1:L5 130.3 13,1
10:4L5 130.1 13h.2
10:4L5 130.3 13h.3
2:00 130.h 134.5
2:15 n 1t
2:145 130,2 133.5
9:L5 13h.2 132.2
9+ 30 132.hL 133.2
£:50 130.h 133.8
8.50 132.1 13L4.3
8:230 130.% 13L.0
8:LS 130,2 133.%
?:L5 130.1 n
8:30 129.5 132.7
11:30C 12L.1 133.3
9:30 130.8 "
11:00 130.2 132,7
10:30 131.8 137.8
2:3 " 132,9
2:00 1.32.9 132.1
2:00 130.4 132.6
9:30 137.2 132.5
1:30 1304 132,4
2:30 132.3 "
2:07 130.8 "
2:30 130.2 132.3
1:30 n 132.0
8:30 137.6 134.0
9:00 137.3 13L.7
1:4L5 132,2 122.6
10:30 1n.2 137,7
2:15 130.8 132.0

TABELE 2 (cont.)

Pleremeter Tules No.

-—.'»»‘ll

131,6

H

131.5
131.5

1

131.3
141.0

o
Dry
1

[S A S
A\ s e T
D=1 ST D
o o

o N

1)4007

"

140,6
1
1h1.1
1153.0
L}]

11:3.1

1

e

1"

1h0.6
1540.8
150,3
12,0
16h1.3
1508
1540.3
140.8
1L0.1
1h1.1
139.9
1h0.4
139.8
"
139.7
137.8
].‘O.B
139.8
1h0.1
});D.b
1h0.7
110.1

i1:0.3
1h0.°
137.9
132.7
136.2
139.%

1438
1h.?
1};3.?
pRrR I

il

I hY
3

Lemnrks

Besg,

lock fro.
couldn't pot .

Rain
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